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BSTIMATKS 



ON APPLICATIONS OP 



ELECTRIC POWER 

Transmission 



TO ALL CLASSES OF 



MINING WORK 

will be promptly made by the 

Thomson -Houston Motor Co. 

620 Atlantic Ave., Boston, Mass. 



The mining plants installed by this Company are best 
evidences of ability to supply satisfactory apparatus for 
power-transmission and its application to the varying needs 
.of the mining and metallurgical industries. 

Electricity applied to Hoisting, Haulage, Pumping, 
Ventilating, Drilling, Coal-cutting, and to the 
operation of all Concentrating and Milling- 
Machinery. 

Correspondence with the readers of this hook is urgently 
solicited, 

THOMSON-HOUSTON MOTOR CO., 

620 Atlantic Avenue, Boston, Mass. 
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St. Louis 
SAMPLIN8 AND TESTINB WORKS, 

1226 A 1227 SPRUCE ST., ST. LOUIS, MO. 



COMPLETE PLANT for 
Testing Ores and Fuels of all 
kinds on a Commercial Scale, 
by the ton or car-load. 

A FULL EQUIPMENT of Coal-Washing 
Machinery, Coke-Ovens and Boiler-Plant 
especially adapted for making reliable Steam- 
ing-Tests of Fuels. 

CALORIMETER & PHYSICAL TESTS, 
Chemical Analyses and Investigations of 
all kinds. 

A COMPLETE OUTFIT of Crushing, 

chinery. 

oap-Batteries, 
Appliances. 

Experienced 
lepartment. 

ER, E. M., 

Manager. 
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JOHN A. ROEBLING'S SONS CO., 

TRENTON, N. J. 

IRON & STEEL WIRE RORE, 

Electric Wires and Cables, 

IRON, STEEL AND COPPER WIRE, 

Telegraph and Telephone Wire, 
Wire Cloth and Netting, 
- Barbed Wire and Wire Nails, 



Franklin Iron Works, 



SPECIALTIES. 



W« Cataract Pumpa 
mith or without laookn- 
no/ Moooment. 

DwMo-Phimgor Pumpo. 

Impnotd Piston Pumpo. 

B^w-Faoding Pumpa. 

Air^mprooaoro, alngh or 
double, cJI alxoo. 

CoW/m Englnoa from 16x 
S2 to 82x64. 

HaltUng-Englnoo with or 
mtUiout Spiral ConioeU 
Orumo. 

Moehinoru for Oabto Batl- 

- mda with pkUn Slido- 

M/vc Englnoo and Link' 

mttoa or Oorliu En- 



PORT CARBON, PA. 



ROBT. ALUSON & SONS 

manufacture 

ALL KINDS OF MACHINERY. 

STEAM-ENGINES, 

Horizontal and Vertical. 



SEND FOR SPECIAL CIRCULARS. 
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SELDEN'S 

Patent Packing. 

Made with either Rubber or 
Canvas Core. 

THE BEST STEAM AND 
HYDRAULIC PACKING 
FOR STOFFING-BOXES 

IN THE MARKET. 

Keeps Rods and Plunsrers smooth 
and tight with least, f Hot I on. 

Correspondence is solicited that a trial of the packing may be 

made on its merits. RANDOLPH BRANDT, MANurAerufieR. 

38 CORTLANDT ST., NEW YORK. 

The WYCKOFf Pipe Co. 

WILLIAMSPORT, PA., 

MANUFACTURERS OF 

WOODEN WATER PIPE. 

The Cheapest and 
Best Pipe for all 
Uses in and about 
THE Mines. 

)st in a few montbs. 

:asing 

LICE, 

n the^market. 
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THE JEFFREY 

COAL-MINING MACHINERY. 



OPERATED BY ELECTRIC OR AIR-POWER. 

A COMPLETE SUCCESS. 

We have Installed 10 Electric Plants In the past year. 

In which there are 28 of our Electric 

MlnlnfiT Machines. 

OUR AIR liCHniES ARE IK DSE IH liHY STATES. 
Also miiniifactiire 

CHAIN-ELEYATORS AND 
OONYEYORS, COAL-SCREENS, 
BUCKETS, etc., for the band- 
ling of all kinds of coal 



Plans and Estimates submitted. lines 
examined. Machines fnrnislied on trial. 
For Catalogne and Prices address, 

THE JEFFREY MANOFACTORING COMPANY, 

COLUMBUS. O. 
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WILLIAMSPORT WIRE ROPE CO., 

MANUFACTURERS OF 

Iron, Steel, and Galvanized 

WIRE ROPE. 

iSTREET CABLES A SPECIALTY. 

CORRESPONDENCEiSOLICITED.' ' 



INERALIZED BRATTICE -CLOTH, 

Dressed in England with the 
PATENT PROOFING AND ANTI-ROT COMPOUNDS. 

Will outlast by ten times any other make, and will convey 
ten times as much air to the headings. 

Sole Agents is the United States; 

MINERALIZED RUBBER COHPANY, 18 Cliff St., Mew TorK. 

Manufacturers of Strictly First-Class Mechanical Rubber 

Goods and Mineralized Oil Clothing. 

AGENTS WANTED. 



The Colliery Engineer Co., 

Publishers and Importers op 
AND Dealers in 

BOOKS OK MININO, 

COAL EXCHANGE, SCRANTON, PA. 
Send for Catalogue. 
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EST BOILER- AND PIPE-C0VERIN6 MADE. 



Fire-felt is the non-conducting form of Asbestos. We form by our 
patent process, cylinders, blocks, and sheets, according to the shape and 
size of the surlkce to be covered. These forms differ from all products of 
Asbestos heretofore manufactured, being exceedingly light in weight, 
pliable, and, therefore, adaptable to a surface of any shape; strong and 
tough on the exterior, so as to be handled without damage, but spongy and 
felt-like on the inner layers, insuring non-conducting qualities of a high 
order. 

Millions of square feet of the covering are now in use, which are eflfecting 
such economies in the use of fuel and expenditures for plant, as give 
thorough satisfaction and keep us busy filling rresh orders. ^ 

Address. 

The Chalmers-Spence Co., 

Lock-Box 536. 28 Strawberry Street, Phila. 





James H. Everhart, 

SGRANTOM BRASS WORKS, 

Manufacturer of all kinds of 

Safety-Lamps, 

in which perfection of workmanship is of more importance 
than in any other colliery appliance. 

Extra Gauges and Brashes of all kinds made to order. 

MINE WATER-GAUGES, ANEMOMETERS, ANEROID 
BAROMETERS, BRATTICE-CLOTH, Etc. 

Pneumatic Signal-Gongs and Speaking-Tubes combined. 
Always reliable, cheap, and durable. 
Send for circulars. Address 

James M^ Everhart, 

Scranton, Pa. 
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Established 1847. 



A, Whitney & Sons, 

Callowhill Street, from 16th to 17th, 
PHILADELPHIA. PA. 

Chilled Car-Wheels 

^ . IN ROUGH, BORED, OR ON AXLES. 



/ 



for every kind of service. 

Mine-Car Wheels of all sizes with hubs either 
solid or for self-oiling. castings of wheel iron, 
chilled or unchilled, for dies, crushers, etc. 

Descriptive circular with cuts furnished on application. 



PENNA.SOPPLYCO.,Limite(l, 

Wilkes-Barre, Pa. 

Mining Machinery, Mine Supplies, 

ENGINES, AND PUMPS. 

Asphaltic Slag Roofing, 

CHEAP, DURABLE, FIRE-PROOF. 

Orders for all kinds of Mine Supplies promptly filled 
^ stock. 
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I ROCK-DRILLING AND 
Air-Compressing 

[MACHINERY 



FOR 



TUNNELS, QUARRIES, MINES, RAILROADS; AND 

WHEREVER ORE AND ROCK ARE TO 

BE DRILLED AND BLASTED. 

AIR-COMPRESSORS 

ESPECIALLY ADAPTED FOR COAL-MINES. 

RAND DRILL CO., 

23 PARK PLACE, NEW YORK. 



i( 



RACKAROCK." 



IT DOES NOT FREEZE, DOES 
NOT EXPLODE ACCIDENTALLY, 
CONTAINS NO NITRO-GLYCER- 
INE OR GUN-COTTON. 

IS SHIPPED LIKE ORDINARY MERCHANDISE 
ON ANY TRAIN OR STEAMBOAT. STRONGER 
THAN NO. I DYNAMITE. 

Rendrock Powder Co., 

23 PARK PLACE, NEW YORK. 
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<Establ{8hed 1870.) 



HELLER & BRIGHTLY, 

Sarveying Instmients, 

Spring Garden Street and Ridge kit., 



PHILADELPHIA. 



MINE SDRVEYIHG INSTRUMENTS, 

Transits, Levels, etc., a Specialty. 

Descriptive and Illustrated Price-Lists sent postpaid on 
application. 



M mj 



^ ^ (»- P S^ 3 S &' 

CO 

USED EVERYWHERE IN 

COAL- AND ROCK-BLASTING 

with profit to Miner and Operator. 

Beware of imitations. None genuine without our Trade-Mark. 



NERS' SUPPLY COMPANY, 

St. Clair, Schuylkill Co., Petwa. , 
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"tVi^^-'^sT. THE l^. , 

COLLIERY ENGINEER^^ i;' 

/ 



PoCKET^BoOK 



OF 



PRINCIPLES, RULES, FORMULA, 
AND TABLES, 



SPECIALLY COMPILED AJ^G :P,KEPMt^D FpFr.TtolVJONVENIENT 

USE OF COLLIERY bl'F'ft^IALS*^ ^MINIIJQ* ^ENGINEERS, 

AND STI/DENTS PREPAjfljIci iTHtMSSLVES FOR 

CERTIFICATES OF CjOMP^WmBY Vs* MINE 

INSPECTORS OR ^N'pC^OltelAfeN',/ 



GENEROUSLY ILLUSTRATED. 



" Though index learning turns no student pale, 
It grasps the Eel of Science by the tail." 

Anon. 



Copyright, 1880, 1^ Tbe CoUieij Bngliieer Oonpuij. 

SCRANTON, PA.: 
THE COLLIERY ENGINEER COMPANY, 

COAL EXCHANGE. 
1891. 
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THE CAMERON STEAM-PUMK 



-**. :SE^XIPNAL VIEW. 

The principle of ©p^tioij tff jill fihgle direct-acting steam-pumps, is the 
use of an auxiliary piston or pliln^r Jtrorking in the steam-cnest to driv^e 
the main Blide-V^ljTQ.* * The ^p^^^ry piston or plunger is driven backward 
and forward by tAie ^i^ssitQre 6fH]|e «»eai]ft, carrying with it the main valv^e, 
which in turn gi^e^%^,^4o<f]B»]^tti pjston which operates the pump. In 
The Camebon Direct- AcTiftfl Fiflifps«*b» reversing of the auxiliary piston 
or plunger is accomplished by the use of two small valves only, and the 
entire valve mechanism consists of but four strong pieces all working in a 
directr line with the main piston, thus making it the most simple, conse- 
quently the most durable of all the direct-acting steam-pump valve-move- 
ments. 

OPl^SRATION.— fiteam is admitted to the steam-cheat, and throueh small holee 
in the ends of the pluneer F, fills the spaces at the ends and the ports £ £ as fur as the 
reversing valves 11. With the plunger F and slide-valve G in position to the right, 
(as shown in cut), steam would be admitted to the right-hand end of the steam-cylin- 
der A, and the piston C would be moved to the left. When it reaches the reversing 
valve I, it opens it and exhausts the space at the left-hand end of the plunger F, 
through the pasiiage E; the expansion of steam at tlie right-hand end changes the 
position of the plunger F, and with it the slide-valve Q, and the motion of the piston C 
. IB instantly reversed. The same operation repeated makes the motion continuous. In 
its movement the plunger F acts as a slide-valve to shut off the ports £ £. and is cush- 
ioned on the confined steam between the ports and steam-chest cover. The reversing- 
valves 1 1 are closed immediately the piston G leaves them, by a pressure of steam on 
their outer ends, conveyed direct from the steam-chest. 

DIRECTIONS. 

When a pump is first connected, remove the bonnets K K and valves 1 1, 
and blow steam through to remove any dirt or chips that may have lodged 
in the pipes ; then clean and replace them. 

Pull information to the engineer sent with each pump. 

For illustrated catalogue address, 

THE A. 8. CAMERON STEAM-PUMP WORKS, 

FOOT OF EAST 23D STREET, NEW YORK. 

xiii ^ T 
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^*^ Dup ExCH. United 

EliGl»«ERlNGp^^^'^gs Lis 

6 JuNfi l9Ig 

The (vOlliery Engineer Pocket-Book is a new edition 
of the Mine-Foreman's Pocket-Book, enlarge.d and im- 
proved, BO as to meet the requirements of mining engineers, 
mine officials, and mining students, for a convenient book of 
reference. 

In its preparation we have kept in mind the fact that the 
majority of mine officials are men whose educational advan- 
tages were exceedingly limited, and therefore we have 
endeavored to make the work simple and plain. It is at 
the same time so complete in every department that it will 
be found valuable and useful by mining engineers and mine 
officers. ^ ^ • ,'. : '^ / 

The book will answer ?i:KouW€^pujcpdse>ol[l^Jt is a textr 
book for the use of mmiii^ 'stiid^nts/ai}d , especially for the 
use of those who are endeay/^iii^-^aprtipare themselves for 
government examinations. (2.y If is' V^ook of reference for 
all classes of mine officials'. aroi mMng,'^n^n^^ers. 

To make the volume of a convehfeht size, and at the same 
time have it contain a large amount of matter, it was neces- 
sary to use a smaller size of type than would have been used 
if a larger-sized book had been made. However, new and 
clear-faced type has been used, and the convenient size of 
the volume will be appreciated more than larger-sized type. 

We desire to extend our thanks to the numerous friends 
whose suggestions and data were so generously furnished to 
assist us in compiling the work. We also desire to acknowl- 
edge our indebtedness to the authors from whose publica- 
tions we have copied extracts, all of whom are credited in 
the body of the book. 

We will be greatly obliged to all readers and users of 
this volume, \dio will kindly call our attention to the 
omission of any data that they may have felt the want of, 
BO that it may be inserted in future editions. 
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ARITHMETIC. 



COMMON FRACTIONS. 

The numeiator of a fraction is the number that tells how many parts of a 
whole are taken. Thus, 2 is the numerator of ^, as it shows that two of the 
three parts into which the whole is divided are taken. 

The denominator of a fraction is the number that shows into how many 
parts the whole is divided. Thus, in the fraction %, the 8 is the denominator. 

A common denominator is a denominator common to two or more fractions. 
Thus, ^ and f^have common denominators ; and again. 12 is a common de- 
nominator for>^, %, }4, and >^, as they each are respectively equal to A» A. 
^, and A. 

To add eommon fhMtioiu.— If of the same denominator, add together the 
numerators only. Thus. ^ + A + t^ = A- 

If they have different denominators, change them to fractions with common 
denominators, and then proceed as above. 

Example.— What is the sum of J + i + | ? 

J = i«,i=i8.andi = i|. 

To multiply eommon fhMtions.— Multiply the numerators together for the 
numerator, and the denominators for the denominator. Thus ^ X A X } ^ 



*^U^i 



(iTide common ft*actlon8.— Invert the divisor, and multiply. 
Example.— Divide ^ by |. 

A X » =- ^.-Ans, 
To reduce componnd fr-actions to simple fractions.— Multiply the integer 
by the denominator of the fraction, and add the numerator for the new 
numerator, and place it over the denominator. 
Example— Reduce ^ to a simple fraction. 

6 X 3 4- 2 = 17, or the numerator, and the fraction is therefore ^. 

To rednce simple fractions to componnd fhMttons.- Divide the numerator 

by the denominator, and use the remainder as the numerator of the remain-, 

ing fraction. 

Example.— Reduce V to a compound fraction. 

9)64(7 

1 
Therefore the compound fraction is 7^. 

To rednee common fractions to decimal fkvctlons.— Annex ciphers to the 
numerator, and divide by the denominator, and point off as many decimal- 
places in the quotient as there are ciphers used. 
Example.— Reduce A to a decimal Auction. 

16)0-0000(-5625.— ^n«. 
80 

Nora.— -Oiphen annexed to a decimal do not Inoreaio its 100 

Taloe. I'lS U the aame as 11800. Everj cipher placed 96 

be t w e en the lint flgnre of a decimal and the decimal-point —rrr 

" • ' Hhe deotmal by 10. Thua, 40 

•13 -^ 10= -013 32 



80 
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DECIMALS. 

Decimal fractions are £ractiotis that have for their denominators 10 or i 
power of 10, as hundredths, thousandths, etc. 



TABL£ OP fRACttoaS REDUCED TO DECIMALS. 



A 


•015625 


n 


•265625 


81 


515625 


H 


•765625 


^ 


•03125 


A 


•28126 


H 


53125 


II 


•78125 


B^* 


•046875 


« 


•296875 


II 


546875 


li 


•796875 


1^ 


•0625 


A 


•3125 


A 


5625 


H 


•8125 


b\ 


•078125 


U 


•328125 


II 


578125 


e 


•828125 


^ 


•09375 


H 


•84375 


i« 


59375 


u 


•84375 


/< 


•109375 


H 


•359375 


IS 


609375 


il 


•859375 


% 


•125 


% 


•375 


% 


625 


Vs 


•875 


^ 


•140625 


II 


•390625 


H 


640625 


II 


•890625 


3<\l 


•15625 


U 


•40625 


§} 


65625 


H 


•9D625 


H 


•171875 


n 


•421875 


H 


671875 


52 


•921875 


A 


•1875 


/« 


•4375 


H 


6875 


.^^ 


•9375 


i£ 


•203125 


31 


•453125 


H 


703125 


II 


•953125 


1^ 


•21875 


i$ 


•46875 


II 


71875 


II 


•96875 


il 


•234375 


il 


•484375 


a 


734375 


If 


•984375 


H 


•25 


K 


•5 


% 


75 


1 


1^0000 



To add decimals.— Place the numbers in a column with whole numb^s 
under whole numbers, tenths under tenths, hundredths under hundredths, etc., 
and proceed as in simple addition, placing the decimal-point in the sum 
directly under the points above. Thus, 

•0075 

•63 

106 

17^9342 

19-6317 



To subtract decimals.— Arrange the figures as in addition, and proceed as In 
simple subtraction. Thus, 

5*96978 
328694 
2-68284 



To multiply decimals.— Proceed as in simple multiplication, pointing off as 
many decimal^placea in the result as there are decimal-places in both multi- 
plicand and multiplier. Thus, 

4-67581 

•053 

1402593 
2337655 



0-24779143 



To divide decimals.— Proceed as in simple division, and point off as many 
decimal-places in the Quotient us the number of decimal-places in the dividend 
exceeds those in the divisor. 
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EXAMPUS.— Divide 4756 by 8-3. 

3-3)4-75600(l-4412.— ^n«. 

145 
132 

136 

132 
40 



Divide -006 by 2a 



70 

66 

4 

20)0060(0003.— ilfM. 
60 



SIMPLE PROPORTION, OR SINGLE RULE OP TH&EE. 

A proportion is an expression of equality between equal ratios ; thus, the 
•)(rfl0f - * ^ -• - 



ratio of 10 to 5 = the ratio of 4 to 2, and is expressed thus : 
10 : 5 :: 4 : 2 

There are four terms in proiwrtion. The first and last are the extremes, and 
the second and third are the means. 

Quantities are in nroportion by alternation when antecedent is comi)ared 
with antecedent ana consequent with consequent. Thus, if 10 : 5 :: 4' : 2, 
then 10 : 4 :: 5 : 2. 

Quantities are in projxjrtion by inversion when the antecedents are made 
consequents and the consequents antecedents. Thus, if 10 : 5 :: 4 : 2, then 
5 : 10 :: 2 : 4. 

In any proportion the product of the means will equal the product of the 
extremes. Thus, if 10 : 5 :: 4 : 2, then 5 X 4 = 10 X 2. 

A mean proportional between two quantities equals the square root of their 
product. Thus, a mean proportional between 12 and 3 = the square root of 
12 X 3, or 36. Therefore the mean proportional is 6, and the equation stands 
12 : 6 :: 6 : 8. 

If the two means and one extreme of a proportion are given, we^nd the 
other extreme by dividing the product of the means by the given extreme. 
Thus, 10 : 5 :: 4 : ( ), then (4 X 5) h- 10 = 2, and the proportion is 10 : 5 :: 4 : 2. 

If the two extremes and one mean are given, we find the other mean by- 
dividing the product of the extremes bv the given mean. Thus, 10 : ( ) :: 4 : 2, 
then (10 X 2) -T- 4 = 5, and the proportion is 10 : 5 :: 4 : 2. 

EXAMPLES IN SIMPLE PROPORTION. 

If 6 men load 30 wagons of coal in a day. how many wagons will 10 men 
load? (They will evidently load more, so the second term of the proportion 
must be greater than the first.) 

Am— 6 : 10" :: 30 : ( ) : then (10 X 30) -?- 6 = 50. 

If 4 men do a certain piece of work in 12 hours, in what time will 6 men do 
it? (They will evidently do it in less time, so the second term of the propor- 
tion must be less than the first.) 

Ans.-^ : 4 :: 12 : ( ) ; then (4 X 12) -;- 6 = 8 hrs. 

COMPOUND PROPORTION, OR DOUBLE RLT.E OP THREE. 

PRINCIPLES. 

1. The iMToduct of the simple ratios of the first couplet = the product of 
the simple ratios of the second couplet. Thus, 

(4 : 12) .. 15:10) _ 4 w 7 5^6 
17 : 14/ •• te : Is) " 12 ^ 14 - 10 ^ 18 

2. The product of all the terms in the extremes = the product of all the 
terms in tne means. Thus, in 

{7 ; m} == {e ! 11} *« •>»^«. 4 X 7 X 10 X 18 -J2 J^,®6f^|t 
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8. Any term in either extreme = the product of the means divided bythd 
product of the other terms in the extremes. Thus, in the same proportion we 

^*^® . ^ 5 X 6 X 12 X 14 

7 X 10 X 18 

4. Any term in either mean ^ the product of the extremes divided by^ the 
product of the other terms in the means. Thus, in 

f4 : 12) .. (5 : 101 
i? :14f" 16:18/ 

we have, 6 = (4 X 7 X 10 X 18) -s- (6 X 12 X 14). 

Rule. — /. Put the required quantity for the first term and the similar 
known quantity for the second term^ arid form radios with each pair of 
similar quantities for the second couplet^ as if the result depended on 
each pair and the second term. 

II. Find the required term hy dividing the prodvxit of the means 
hy the product of the fourth terms. 

Examples.— If 4 men can earn $24 in 7 days, how much can 14 men earn in 
12 days? 

The sum : $24 :: ] Jl ! 7 } ^^' The sum = ^^^^^^^ = «144.-^n«. 

If 12 men in 35 days build a wall 140 rods long, 6 ft. high, how many men 
can, in 40 days, build a wall of the same thickness 144 rods long, 5 ft. high ? 
/( ) : 121 .. /140 : 1441 12 X 40 X 140 X 6 
ly : 40/ " i 6 : 5 /= 86X144X5 =^'-^^' 

INVOLUTION. 

To square a number.— Multiply the number by itself. Thus, the square of 4 
— 4 X 4, or 16. 

To cube A namber.— Multiply the square of the number by the number. 
Thus, the cube of 4 — 16 X 4 = 64. 

To And the foorth power of a namber .^Multiply the cube by the number. 
Thus, the fourth power of 4 = 64 X 4 = 256. 

To raise a number to the sixth poirer.->Square its cube. 

To raise a number to the twelfth power.--Square its sixth power. 

(See table of logarithms for a shorter method.) 

EVOLUTION. 
To find the square root of a number.— 

Rule. — I. Separate the given number into periods of two figures each, 



beginning at the units place. 

II. Find the greatest numJber whose square is contained in the period 
on the Idt; this unit be the first figure in the root. Subtract the square 
of this figure from the period on the left,, and to the remainder annex 
the next period to form a dividend. 

III. Divide this dividend^ omitting the figure on the rights by double 
the part of the root alreaxly found, and annex the quotient to that part^ 
ana also to the divisor ; then multiply the divisor thus completed ^ the 
figure of the root last obtained, and subtract the product from the dividend, 

IV. If there are Tnore periods to be brought down, continue the oper- 
ation as before. 

Example.— Find the square root of 874225. |7,42,25(935.— ^na. 

OPERATION. ~642 

9 X 2 =s 18. 18 into 64 goes 3 times, hence ^^ 

new divisor = 183, 98X2 = 186. 186 into 932 9325 

goes 5 times, hence new divisor = 1865. 9325 

(See table of logarithms for shorter method.) 

The square root of a fraction is found by extracting the square root of the 
numerator and denominator separately. Thus, the square root of ^ = ^ 
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To ilttd th« enbe root of a number.— 

Rule. — I. Separate the given number into periods of three figures each, 
beginning cU the units place. 

II. Find the greatest number whose cube is contained in the period 
on the left ; this will be the first figure in the root. Subtract the cube 
of this figure from the period on the Uft^ and to the remainder annexe 
the next period to form a dividend. 

III. Divide this dividend by the partial divisor^ which is S times the 
sauare of the root already found, considered as tens ; the quotient is 
the second figure of the root. 

IV. To the partial divisor add S tim^es the product of the second 
figure of the root by the first considered as tens, also the square of the 
second figure' the result will be the complete divisor, 

. V. Multiply the complete divisor by the second figure of the root, and 
subtract tJie product from the dividend. 

VI. If there are more periods to be brought down, proceed <w before, 
using the part of the root already found, the same <m the first figure in 
the previous process. 

Example.— Find the cube root of 12812904. 

OPERATION. 

12,812,904(234.— ^n«. 

2» = J 

l8t partial divisor, 3 X 20«= 1200 4812 
3X20X3= 180 
3«= 
Ist complete divisor, 1389 



645904 



2d partial diviaor, 8 X 230«= 158700 
3 X 230 X 4 = 2760 

4«= 16 

2d complete divisor 161476 

The cube root of a fraction is found by extracting the cube root of the 
numerator and denominator separately. Thus, the cube root of H = %. 

(See table of logarithms fbr shorter method.) 

PERCENTAGE. 

Percentage means by or on the hundred. Thus, Ijf = 1 on 100, 3j( = 3 on 100, 
5j( = 5 on 100, etc. 

To find the pereentage, having the rate and the base.— Multiply the base by 
the rate expressed in hundredths. Thus, 6;( of 1930 is found thus : 

1930 

^ 

U5.80 

To find the amount, having the base and rate.— Multiply the base by 1 plus 
the rate. Thus, to find the amount of $1930 for one year at 6)(, we multiply 
1930 by 1.06. 

S1980 X 1 06 = S2 045 80 

To find the base, having the rate and the percentage.— Divide the percentage 
by the rate to find the base. Thus, if the rate is 6^ and the percentage is 115.80, 
the base = 115.80 -4- .06 = 1930. 

To find the rate, having the percentage and the base.— Divide the percentage 
by the base. Thus, if the percentage is 115.80 and the base 1930 the rat© 
equals 115.80 ^ 1930 - .06, or 6j6. 
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the areas of the two triangrles, and the sum will equal the area of the trapes- 
ium. The sides and angles can be found in the same manner. 

To fl«d the area of a trapesium.— If the diagonals and the perpeiidiculars 
from them to the opposite angles are given, add together the two perpen- 
diculars, multiply the sum by the diagonal, and divide by 2. 

The sum of the four angles included in a trapezium always equals four 
right angles. 

POLYGONS. 
All figures bounded by more than four straight lines are called iwlygons. 




0,00 



Pentagon. Hexagon. HepUgon. Octagon. 

If all the sides and angles are equal it is a regular polygon. If not, it is an 
irregular polygon. 

The sum of the interior angles of any polygon are equal to twice as many 
right angles as the polygon has sides less four right angles. 

TABLE OP REGULAR POLYGONS WHOSE SIDES ARE UNITY. 



Name of Polygon. 



Areas. 


Outer Radii. 


•4330 


-5774 


1-0000 


-7071 


1-7205 


-8507 


2-5981 


1-0000 


3-6339 


1-1524 


4-8284 


1-3066 


6-1818 


1-4619 


7-6942 


1-6180 


9-3656 


1-7747 


1V1962 


1-9319 



Angles Contained 

between 

Two Sides. 



Angle at 
of 
Circle. 



8 
4 
5 
6 
7 
8 
9 
10 
11 
12 



EquilateralTriangle 

Square 

Pentagon 

Hexagon 

Heptagon 

Octagon 

Nonagon 

Decagon 

Undecagon ... 
Dodecagon ... 



60° 

90° 
108° 
120° 
128° 34'n7+" 
1350 
140° 
144° 
147° 16' 22-" 
150° 



120° 
90° 
72° 
60° 

51°2y48— ^ 
45° 
40° 
36° 

32° 43' 88+" 
30° 



To find the area of any resnlar polygon.— Sauare one |of its sides and multi- 
ply by the number g^iven In the column of areas above. Or, multiply the 
length of one of the sides by one half the length of a perpendicular drawn to 
the center of the figure, and this product by the number of sides. 

Having the side of a regular polygon, to find the radius of a circnmsciiblag 
circle.— Multiply the side by the corresponding number in foregoing column 
of outer radii. 

If you have the radius of the circumscribing circle, divide it by the number 
in column of outer radii, and the quotient will be the side of the polygon. 

To find the area of an irregular polygon.— Divide it into triangles, find the 
area of each triangle, and add them together. The sum will be the area of 
the polygon. 

To find the area of a figure whose outlines are very irregular.— Draw straight 
lines around it that will inclose within them (as nearly as can be iudged) 
as much space not belonging to the figure as they exclude space belonging 
to it. The area of the figure thus formed may be easily found by divid' 
into triangles. 

CIRCLES. 
See Table 0/ Areas *tf Cirdea, etc. 
A circle is a figure bounded bv a curved line, every point 
of which is equidistant from the center. Or, a circle is a 
r^nilar polygon of an infinite number of sides. 

The circumference of a circle equals the diameter mul- 
tiplied bv 3-1416. or the square root of the product of the 
Area multiplied by 12-666. 

^nd the diameter.— Divide the circumf(^nce by 3-1416 
•Uplyltby318»l. „.e..,GoOgle 



o. 
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To find the area of a circle.— Multiply the circumference by one-fourth of 
the diameter, or the square of the radius by 3*1416. 

Multiply the square of the diameter by *7854, or the square of the circumfer- 
ence by -07958. 

To find the diameter of a circle equal in area to a giren square.— Multiply 
one side of the square by 1'12838. 

To find the radius of a circle to circumscribe a giren square. — Multiply one 
side by -TOTl ; or take one-half the diagonal. 

To find the side of a square equal in area toagiren circle.— Multiply the 
diameter by -88623. 

To find the side of the greatest square in a given circle.— Multiply the diam- 
eter by -7071. 

To find the area of the greatest square in a giren circle.— Square the radius 
and multiply by 2. 

To find the side of an equilateral triangle equal in area to a glTcn cirde.— 
Multiply the diameter bv 1-3468. 

Having the chord and rise of an arc, to find the radius.— Square half the 
choind, and divide by the rise. To the quotient add the rise, and divide by 2. 

Or, Radius = the square of the chord of half the arc divided by twice the 
rise of the whole arc. 

Having the chord and radius, to find the rise.— Square the radius, also square 
half the chord. Take the last square from the first. Extract square root of 
the remainder, and subtract it from the radius if the radius is greater ; if not, 
add it to the radius. 

Having the radius and rise, to find the chord.— From the radius subtract the 
rise (or from the rise subtract the radius if rise is the greater), square the 
remainder, and subtract it from the square of the radius. Extract the square 
root of the remainder, and multiply by 2. 

Having the rise of the arc and diameter of circle, to find the chord.— Subtract 
the rise from the diameter, and multiply the remainder by the rise. Extract 
the square root of the product, and multiply by 2. 

To nnd the breadth of a circular ring, having its area and the 
diameter of the outer circle.— Find the area of the whole circle, 
and from it take the area of the ring. Multiply the remainder 
h^ 1-2732, and the square root of the product will be the diame- 
ter of the inner circle. Take it from the diameter of the outer 
one, and the remainder will be twice the breadth. 

To find the area of a circular ring.— Take the difference of the squares of 
the radii, and multiply it by 81416. 

To find the length of an arc when its degrees and radius are given.— Multiply 
the number of degrees by -01745, and the product by the radius. 

To find the area of sector.— Multiply the arc by 3^ the radius. 

The area of the sector is to the area of the circle as the number of degrees 
in the sector is to 360<*. 

To find the area of a segment.- Find the area of the sector having the same 
arc, and also the area of the triangle formed by the chord of the segment and 
the radii of the sector. If the segment is greater than a semiciicle, add the 
two areas ; if less, subtract them. 





To find the area of an ellipse.— Multiply % of tho two axes A B and D 
together, and multiply the product by 31416. 

Digitized by VjOOQ IC 
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MENSURATION OF VOLUMES. 



THE CUBE AND THE PARALLELOPIPED. 

To find the svrfkee of » cnb*.— Multiply the area of one side bv 6. 

To find the §arf»ce of a parallelopiped.— Add together twice the area of the 
base, twice the area of the side, and twice the area of the end. 

To find the cabical contents of a cube or parallelopiped.— Mtlltli>Iy- the area 
of the base by the perpendicular height. 

THE PRISM. 

To find the conrex snrfkce of a right prism.— Multiply the i)erimeter of the 
base by the altitude. 

To find the entire sur&ce, add the areas of the bases. 

To find the contents of a prism.— Multiply the 
area of the base by the sdtitude of the prism. 

THE PYRAMID. 
To And the conrex snrflice of a pyramid.— Multiply 

the perimeter of the base by % the slant height. 

To find the entire sur&ce, aad the area of the base. 

To find the contents of a pyramid.— Multiply the 
area of the ba,se by }i of the altitude. 

THE CYLINDER. 

Toflndthe conrex smrfaceof a cylinder .—Multiply the circum- 
ference of the base by the altitude. 

To find the entire surface, add the areas of the ends. 

To find the contents of a cylinder,— Multiply the area of the base 
by the altitude. 

THE CONE. 

To find the conrex sarflnce of a cone.— Mnl- 
tiply the circumference of the base by % the 
slant height. 

To find the entire surfsuie, add the area of 
the base. 

To find the contents of a cone.— Multiply 
the area of the base by % of the altitude. 






THE FRUSTUM OF A PYRAMID OR CONE. 

To find the conrex smrlkce.- Multiply % of 
the sum of the perimeters or circumferences 
of the two bases by % the slant height. 

The entire surface is found by adding the 
areas of the two bases. 

To find the contents of a fVnstnm.— Add 
together the sum of the two bases and the 
square root of their product, and multiply the 
sum by y^ of the altitude of the frustum. 

THE SPHERE. 

To find the snrfkce of a sphere.— Multiply the diameter by the 
circumference ; or, square the radius and multiply it by 4 and 
81416. 

To find the contents of a sphere.— Multiply the surface by y^ 
of the radius ; or, multiply the cube of the diameter by -6236. 

To find the surfkce of a xone.— Multiply the height of the zone 
by the circumference of a great circle of the sphere. 

To find the contents of a spherical segment of one base.— Add the square of 
the height to three times the sauare ofthe radius of th§ bivse ; multiply this 
«ttm by the height, and the product by '5236« 
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CYLINDBICAL BINGS. 

A cylindrical ring ig formed by bending a cylinder or pipe 
nntil its two ends meet. 

To find the surfkce of a eirlindrieal rinf.— To the thickness 
of the ring add the inner diameter, multiply this sum by the 
thickness of the ring, and the product by 9'8696. 

To find the cont«iit8 of a cylindrical ring.— To the thick- 
ness of the ring add the inner diameter, multiply this sum 
by the square of >4 the thickness. 

To flii4l the Tolnme of an irregular body.— Fill a vessel of known dimensions 
With water, and immerse the body. The contents will equal the volume of 
water diisplaced. 

THE PRISMOIDAL FORMULA. 

This formula is the invention of Mr. Elwood Morris, C. E., of Philadelphia, 
and is extensively used in calculating the cubical contents of cuttings, em- 
bankments, etc. 

It embraces all parallelopipeds, prisms, pyramids, cones, wedges, etc. etc., 
whether regular or irregular, right or oblique, with their mistums when cut 
parallel to their bases. In jfact, it embraces all solids having two parallel 
faces or sides, provided these two faces are united by surfaces, whether plane 
or curved, upon which and through every point of which, a straight line may 
be drawn from one of the parallel faces to the other. 

To And the contents of any prismoid.— Add together the areas of the two 
parallel surfaces, and four times the area of tne section taken half way 
Detween them, and parallel to them ; multiply the sum by the perpendicular 
distance between the two parallel sides, ana divide the product oy 6. 



GEOMETRY. 



THE PRINCIPLES OP GEOMETRY. 

1. The sum of all the angles formed on one side of a straight line equals 
two right angles, or 180^. 

2. The sum of all the angles formed around a ix)int equals four right angles, 
or 360°. 

3. When two straight lines intersect each other, the opposite or vertical 
angles are equal. 

4. If two angles have their sides parallel they are equal. 

5. If two triangles have two sides and the included angle of the one, equal 
to two sides and the included angle of the other, they are equal in all tneir 
parts. 

If two triangles have two angles and the included side of one equal to two 
angles and the included sides of the other, they are equal in all their parts. 

6. In any triangle the greater side is opposite the greater angle, and the 
greater angle is opposite the greater side. 

7. In an Isosceles triangle the angles opposite the equal sides are equal. 

8. In any triangle the sum of the three angles is equal to two right angles, 
or 180°. 

9. If two angles of a triangle are given, the third may be found by subtract- 
ing their sum from two right angles, or ISO*^. 

10. A triangle must have at least two acute angles, and can have but one 
obtuse, or one right angle. 

11. In any triangle a perpendicular let fall from the apex to the base is 
shorter than either of the two other sides. 

12. In any parallelogram the opposite sides and angles are equal each to 
each. 

19, The dia^nals divide any parallelogram into two equal triangles, 
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14. The diagonals of a parallelogram bisect each other ; that Is, they diyide 
each other Into equal parts. 

15. If the sides of a polygon be produced in the same direction the sum of 
the exterior angles v^ill equal four right angles. 

16. The sum of the interior angles of a polygon Is equal to twice as many 
right angles as the jwlygon has sides, less four right angles. 



The sum of the interior angles of a quadrilateral =» (2 X 4) ~4 = 4 right 

angles. 
The sum of the interior angles of a pentagon = (2 X 5) — 4 = 6 right angles. 
The sum of the interior angles of a hexagon = (2 X 6) — 4 = 8 right angles. 

17. In equiangular polygons each interior angle equals the sum divided by 
the number of sides. 

18. The square described on the hypothenuse of aright-angled triangle is 
equal to the sum of the squares described on the other two sides. Thus, in a 
right-angled triangle whose base is 20 ft. and its altitude 10, the square of the 
hypothenuse equals the square of 20 -I- the souare of 10, or 500. Then the 
hypothenuse equals the square root of 500, or 22-3607 ft. 

19. Having the hypothenuse and one side of a right-angled triangle, the 
other side may be found by subtracting fVom the square or the hypothenuse 
the s(iuare of the other known side. The remainder will be the square of the 
required side. 

20. Triangles which have an angle in each equal, are to each other as the 
product of the sides including those equal angles. 

21. Similar triangles are to each other as the squares of their corresponding 
■ides. 

22. The perimeters of similar polygons are to each other as any two corre- 
sponding sides, and their areas are to each other as the squares of those sides. 

23. The diameter of a circle is greater than any chord. 

24. Any radius which is i>erpendicular to a chord, bisects the chord and 
the arc subtended by the chord. 

25. Through thi^ points not in the same line a circumference may be made 
topass. 

DIRECTIONS.— Draw two lines connecting the three points. Erect perpen- 
diculars from the centers of each of these two lines, and the point of 
intersection of the perpendiculars will be the center of the circle. 

26. The circumferences of circles are to each other as their radii, and their 
areas are to each other as the squares of their radii. 

EXAMPLES. 

If the circumference of a circle is 62*83 in. and its radius is 10 !in., what is 
the circumference of a circle whose radius is 15 in.? 
.ATM.— 10 : 15 :: 62-83 : 94*245 in. 
If a circle 6 in. in diam. has an area of 28*274 sq. in., what is the area of a 
circle 12 in. in diameter? 
Ans.—S^ : 6« :: 28*274 : 113096 sq. in. 

PRACTICAL PROBLEMS IN GEOMETRICAL CONSTRUCTION. 

To bisect a giTen straight line.— Let A B be a 
given straight line. From A and B as centers, 
with a radius greater than one-half of A B 
describe arcs intersecting each other at E 
and F. Then draw the line E F. It will 
bisect AB, and C will be the middle point, and 
E F will be perpendicular to A B. The points 
E and F will be equidistant from A, B, or C. 

From a giren point, without a straight line, 
to draw a perpendicular to the line.— Let A B 
be the given line and C the given point. From 
C as a center, with a radius sufficiently great, 
describe an arc cutting the line A B in the two 
points A and B ; then from A and B as centers, 
with a radius greater than >^ of A B, describe 
two arcs cutting each other ftt D; and draw 
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At arlTeii point in » Rtrftlght line, to erect a 
perpeBdicular to that line.— Let A B be the 
^ven line, and C the given point. Then in 
the line A B take the points A and B equally 
distant ttom C, and, with A and B as centers, 
and a radius greater than >^ of A B, describe 
two arcs cutting each other at D, and draw the 
line DC. 

At a point on a giren straight line, to make 
an angle eqnal to a gWen angle.— Let A be the 
given point, A B the given line, and E F G the 
given angle. From F as a center, with any 
radius F 6 describe the arc E G. From A as a 
center, with the same radius, describe the arc 
C B ; then with a radius equal to the chord E 
G, describe an arc from B as a center, cutting 
C B at D, and draw A D. 

To Mseetagiven arc, or a given angle.—lst. 
Let A D B be the given arc, and C its center. 
Draw the chord A B, and from C draw C D 
perpendicular to A B. 

2d. Let A C B be the given angle. Then, 
with C as a center and any radius, describe the 
arc A D B, and bisect this as above. 



•>?• 



^^.^ 




Through a given point to draw a straight 
line parallel to a given straight line.— Let A 
be the given point and C D the given line. 
From A as a center, with a radius greater than 
the shortest distance from A to C D, describe 
an indefinite arc D E. From D as a center, 
with the same radius, describe the arc A F. 
Take D E equal to A F, and draw A B. 



To And the center of a given circvmferenoe 

or arc— Take any three ix)ints. A, B, and C, on 
the circumference, and unite them by the lines 
A B and B C. Bisect these chords by the per- 
pendiculars D O and E O ; their intersection is 
the center of the circle. 




Throngh a given point to draw a tangent to 
a given circle.—!. Suppose the given point P 
to DO in the circumference. 

Find C, the center of the circle, draw the 
radius C P, and draw D E perpendicular to C P. 




2. Sttppose the given point P to be without 
the circle. 

Join P and the center of the circle. Bisect 
P C in D : with D as a center, and a radius D 
C, describe the circumference intersecting the 

gven circumference at A and B. From the 
>texB6CtioD8 A and B draw B P and A P. 
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PLANE TRIGONOMETRY. 




Plane Trigonometry treats of the solution of plane triangles. 

In every triangle there are six parts ; three sides and three angles. These 
parts are so related that when three of the parts are given, one being a side, 
the other parts may be found. 

An angle is measured by the arc included 
between its sides, the center of the circum- 
ference being at the vertex of the angle. 

For measuring angles the circumference is 
divided into 8©D equal parts, called degrees ; 
each degree into 60 equal parts called minutes. 

A Qaadrant is ^ of the circumference of a 
circle, or 90°. 

The Complement of an arc is 9(P minus the 
arc ; D C is the complement of B 0, and the 
angle D O C is the complement B O C. 

The Sapplement of an arc is ISO'' minus the 
arc ; A Efis the supplement of the arc B D E, 
and the angle B O £. 

In Trigonometry, instead of comparing the 
angles of triangles or the arcs which measure them, we compare the sine^ 
Cfmne, taiigent, cotangent, secant, and cosecant. 

The Sine of an arc is the perpendicular let fkll from one extremity of the 
arc on the diameter which passes through the other extremity. Thus, C D is 
the sine of the arc AC. 

The Cosine of an arc is the sine of 
its complement ; or it is the distance 
from the foot of the sine to the center 
of the circle. Thus, C E or O D = the 
cosine of arc AC. % 

The Tangent of an arc is a line 
which is perpendicular to the radius 
at one extremity of an arc and limited 
bv a line passing through the center 
or the circle ancf the other extremity. 
Thus, A T is the tangent of A C. 

The Cotangent of an arc is equal to 
the tangent of the complement of the 
arc. Thus, B T' is the cotangent of 
AC. 

The Secmnt of an arc is a line drawn from the center of the circle through 
one extremity of the arc, and limited by a tangent at the other extremity. 
Thus, O T is the secant of A C. 

The Cosecant of an arc is the secant of the complement of the arc. Thus, 
O T* is the cosecant of A C. 

From the above definitions we derive the following simple principles : 

1. The sine of an arc = the sine of its supplement^ and tJie cosine of an 
arc = the cosine of its supplement. 

t. The tangent of an arc = the tangent of its supplement^ and the 
cotangent of an arc = the cotangent of its supplement. 

S. The secant of an arc = the secant of its supplement^ and the cosecant 
ofiti 




= the cosecant of its supplement. 



Thus, The sine of 70® = the sine of 110°. 

The cosine of 70° = the cosine of 110°. 
The tangent of 70° = the tangent of 110°. 
The cotangent of 70° = the cotangent of 110°. 
The secant of 70° = the secant of 110°. 
The cosecant of 70° = the cosecant of 110°. 

Thus, if you want to find the sine of an angle of 120° 30', look for the sine of 
180° — 120° SO', or 59° SO', etc. 

Natural sines, tangents, etc., are calculated for a circle whose radius it 
unity, and logarithmic sines, tangents, etc., are calculated for a circle whose 
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mdius is 10,000,000,000. With natural sines, tangents, etc., long and tedious 
operations in multiplication and division are necessary. 

With logarithmic sines, tangents, etc., these operations, in conjunction with 
the table of logarithms of numbers, are ledaced to simple addition and sub' 
traction. (Sec tables in back of book.) 
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PRACTICAL EXAMPLES IN THE SOLUTION Ot TRIANGLES. 

Case 1.— To determine the height of a rerticml object* standing on a 
horixontal plane.— Measure firom the foot of the 
object any convenient horizontal distance A B ; at 
the point A take the angle of elevation BAG. 
Then as B is known to be a right angle we have two 
angles and the included side of a triangle. 

Assuming that the line A B is 300 ft., and the 
angle B A C = 40°, the angle C = 180° - (90° + 40°) 
= 50°. Then sine C : A B :: sine A : B C, or, 

•766044 : 300 :: '642788 : ( ), or 251-73+ ft. 
Or, by logarithms : 

Log. 300 = 2-477121 

Log. sine 40° =_ 9;808067 

12-:»5188 

Log. sine 50° = 9884254 

2-400934 or log. of 251-73+ ft. Hence, B C = 251-7+ ft. 

Case 2.— To find the distance of a vertical object whose height is known. 

—At a point A take the angle of elevation to 
the top of the object. Knowing that the angle 
B is a right angle we have the angles B and A 
and the side B C. 

Assuming that the side B C = 200 ft. and the 
angle A = 30°, we have a triangle as follows : 
Angle A = 30°, B = 90°, C = 60°, and the side 
B C = 200 ft. 

Then sine A : B C :: sine C : A B, or, -5 : 200 :: 

•866025 : ( ), or 846-41 ft. By logarithms : 

Log. 200= 2-301080 

Log. sine 60° = 9-937531 

12-238561 

Log. sine 30°= 9-698970 

" 2-689591 or logarithm of 346-41 ft. 

Case 8.— To find the distance of an inaccessible object.— Measure a horizon- 
tal base-line A B, and take the angles formed by the 
lines BAG and ABC. We then have two angles, and 
the included side. Assuming the angle A to be 60^, the 
angle B, 60°, and the side A B = 500 ft., we have the 
angle C = 90° — (60° + 60°) = 80°. 

Then, sine 80° : A B -.: sine A : B C, and 
sine 80° : A B :: Sine B : AC, 
or -984801 : 600 :: 866026 : B C, or 439-7-. 
and -984801 : 600 :: -766044 : A C, or 888-9+. 
By logarithms : 

Log. 600= 2-698970 
Log. sine 60° = 9-937531 





Log. sine 80° 



Log. 500= 2-6 
Log. sine 50° ^ 9-884254 
12-583224 
: 9-993351 



12-636501 
: 9- 993351 
2-643150 = log. of 439-7-, and 



Log. sine 80° = 



2-689873 = log. of 888-9+. 



Cass 4.— To And the distance between two Objects separated by An impas- 
sable barrier.— Select any convenient station, as C, measure the lln6s C A 



Id 
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and C B, abd the ansle included between these sides. Then, we have two 
sides and the include angle. 

Assuming the angle C to be 60°, the side C A» 
600 ft., and the side C B, 500 ft., we have the fol^ 
lowing formula:- C A + C B i C A — CB :: tang. 
A4- B ^ B -A ^ A -KB 

— 2 — • ^^fi' — ~' Then, — ^ = 
180° - 6a> _ 

2 ,otG(P. 

B - A 



Then, 1,100 : 100 :: tang. 60° : tang.- ^ . v^ 
1,100 : 100 :: 1-732050 : 157459, or tangent 



of 



B 




2 — , or 8° 57'. 



Then, 60° + 8° 57' = 68° 67', or angle B, and 

60° ~ 8° 57' = 51° 03', or angle A. 
Haying found the angles, find the third side by same method as Case 1. 
The above formula worked out by logarithms is as follows : • 
Log. 100= 2-000000 
Log. tang. 60° = 10238561 
12-238561 
Log. 1,100= 8041393 

B- A 

9197168 = log. tang, of — ^ — , or 8° 57'. 

Then, 60° + 8° 57' = 68° 57', or angle B, and 

60° - 8° 57' = 51° 03', or angle A. 
Note.— The greater angle is always opposite the greater side. 

Case 5.— To find the height of a vertical object standing upon an inclined 

plane.— Measure any convenient distance 
1) C on a line from the foot of the object, 
and at the point D, measure the angles of 
elevation, £ D A, and E D B, to foot and 
top of tower. We then have two triangles, 
both of which may be solved by Case 1. 
and the height above D of both the foot 
and top will be known. The diflference 
between them is the height of the tower. 

Case 6.— To find the height of an inac- 
cessible object above a horizontal plane. 
Measure any convenient horizontal line A 
B directly toward the object, and take the 
angles of elevation at A and B. We will then 
have sufficient data to work with. Assuming 
the line A B to be 1,200 ft. long, the angle A, 25° 
and the angle B, 40°, we have the following : 
As the angle DBC is 40°, the angle A B C ^ 90° 
- 40°, or 60°. 

Then, having the side B C, and the angle DBC 
= 40°, and the angle B D C = 90°, we find the 
side C D by the same method as In Case 1. 

Second Method.— If it Is not convenient to 
measure a horizontal base-line towards the 
object, measure any line A B, and also measure 
the horizontal angles B A D. A B D, and the 
angle of elevation, D B C. Then, by means of 
the two triangles, A B D and C B D. the height 
C D can be found. Then, with the line A B 
and the angles, BAD and A B D known, we 
have two angles and the included side known. 
The third angle is readily found, and the side 
B D can be found. Then, in the triangle B D 
C, we have the angle B. by measurement, D =* a 
90°. ana we have the side, B D. Then the side 
C D, or the vertical height, can be found by 
CafieL 
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Casb 7.~To find the dlstanee between two inaccessible objects when 

Kints can be found fkvm which both ofe|)«cts can be seen.— Wishing to know 
e horizontal distance between a tree and a house on the opposite side of a 
liver, measure the line A B, and at point A take the angles dAC and DAB, 
and at the point B, take the angles C B A and C B D. 
AsBuming the length of A B = 400 ft. 
Sie angle D A C = 56O80'. 
The angle D A B = 42<^ 24^ 
The angle C B A = 44° SC. 
The angle C B D == 68<> 50". 




In the triangle ABD, we have AB 400 = ft., the angle D AB = 42°24', 
and the angle ABD = (44O3e' + 68O500 = 113° 26^, and the angle A D B = 
180° — (42° 24' + 118° 260 = 24° 10^. Then, according to Case 1, find the side 
D B. we then have three angles and two sides of the triangle' A D B. We 
find the third side, A D, by Case 1. 

Then in the triaingle A B C, we have the angles ABC and B A C, and the 
distance A B. From these we find the side A C. Then, in the triangle A D 
C, we have the sides A D and A C, and the angle D A C, and we then find 
the side C P, by Case 4. # 



WEIGHTS AND MEASURES. 



TROY WEIGHT. 
24 grains =» 1 pennyweight. 

20 pennyweights = 1 ounce = 480 grains. 

12 ounces = 1 pound = 6,760 grains = 240 dwt. 

In Troy, Apothecaries, and Avoirdupois weights the grains are the same. 

APOTHECARIES WEIGHT. 
20 grains = 1 scruple, 

3 scruples = 1 dram, » 60 grains. 

8 drams = 1 ounce =- 480 grains, = 24 scruples. 
12 ounces = 1 ix)und = 6,760 grains, = 288 scruples, = % drams. 

AVOIRDUPOIS WEIGHT. 
27*34375 grains = 1 dram. 

16 drams = 1 ounce = 437^41 grains. 

16 ounces = 1 pound = 7,000 grains, = 256 drams. 

28 pounds = 1 quarter « 448 ounces. 

4 quarters = 1 hundredweight = 112 fi>s. 

20 hundredweight = 1 ton = 2,240 lbs. 

A stone =» 14 lbs. 

A quintal = 100 lbs. 

A "short ton *' = 2,000 lbs. 
1 oz. Troy or Apothecaries' = 1 '09714 Avoirdupois oz. 
1 pound Troy or Apothecaries = '82286 lb. Avoirdupois. 
loz. Avoirdupois = '911458 Tro\% or Apothecaries* oz. 

1 pound Avoiraupois = 1-21628 lbs. Troy, or Apothecaries'. 
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METRIC WEIGHT. 



10 Milligrammes « 
10 Centigrammes - 
10 Decigrammes = 
10 Grammes = 

10 Decagrammes = 
10 Hectogrammes = 
10 Kilogrammes = 
10 Myriogrammes = 
10 Quintals 



1 Centigramme, 


a 


•16482 


grains. 


1 Decigramme, 


3K 


1-5482 


grains. 


1 Gramme, 


S3 


15-482 


grains, 
i fts. Avoir. 


1 Decagramme, 


=3: 


•022046 


1 Hectogramme, 


=3 


•22046 


lbs. Avoir. 


1 Kilogramme, 


=S 


2-2046 


lbs. Avoir. 


1 Myriogramme, 


sas 


22-046 


lbs. Avoir. 


1 Quintal, 


ts: 


220-46 


lbs. Avoir. 


1 Tonneao, Millier, or Tonne, 


» ■=■' 


2,204- 


lbs. Avoir. 



MEASURES OF LENGTH, 



AMEBICAN AND BRITISH. 

12 inches = 1 foot. 

8 feet =lyard = 86in. 

6 feet =lmthom= 2 yds. = 72 in. 

66 feet =1 chain •=» llfeth. — 22 yds. 

10 chains = 1 ftirlong = 110 fath. = 220 yds. 

Sftirlongs =lmlle = 80 chains >= 880 fath. 



= 792 in. 
= 660 ft. = 
=»» 1,760 yds. = 



7,620 in. 
5,280 ft = 
[68,360 in. 
Chains of 50 or 100 ft. are now 



* The chain of 66 ft. is practically obsolete, 
used exclusively, hy American surveyors. 

To reduce inches to decimals of a foot.— Divide the number of inches by 
12. Thus 7 inches = 7 -s- 12, or •58333 ft. To reduce firactions of inc hes to deci- 
mals of a foot, divide the fi^action by 12, and then divide the numerator of 
the quotient by the denominator. Th«s, | inch = §-4-12 = ^. ^ = -0818 ft 

HirrBic SYsnrEM.'* 

10 Millimetres = 1 Centimetre = 0-8987079 in. 

10 Centimetres = 1 Decimetre = 3-937079 in. 

10 Decimetres = 1 Metre = 3-2808992 ft. 

10 Metres = 1 Decameter = 10-9363 yds. 

10 Decametres = 1 Hectometre = 109-363 yds. 

10 Hectometres «= 1 Kilometre = 0-6218824 mile. 

10 Kilometres = 1 Myriametre = 6*213824 miles. 

* Used in France, Spain, Belgium, Portugal, and Italy. 

RUSSIAN. 

12 inches = 1 foot = 1 American foot 
7 feet = 1 saschen, or serene. 
500 saschen » 1 veist = 3,500 feet 

PRUSSIAN, DANISH, AND NORWEGIAN. 

12 iuches = 1 foot = 1-02972 American feet 

12 feet — 1 rutn = 12*35664 American feet 

2,000 ruth = 1 mile = 4*68+ American miles. 

AUSTRIAN. ~ 

1-03713 American feet. 



12 inches = 1 foot 
6 feet = 1 klafter. 
4,000 klafter =- 1 mile =^ 471+ 

SWEDISH. 



American miles. 



12 inches = 1 foot = 0*97410 American feet 
6 feet = 1 fathom. 
6,000 fathoms - 1 mile <^ 6*64+ American miles. 

CHINESE. 

1 chih » 1-054 American feet 

10 ohih » 1 Chang » 10*54 American fyet, 

180 ohan|r » 1 U »> 1,897' American fo^t. 
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MEASURES OF AREA. 
AMEBICAK AND BBITIBH. 

144 8q. inches = 1 square foot 

9 sq. feet = 1 square yard =- 1,296 sq. In. 
aoi^sq. yards = 1 perch — 272J4 sq. ft 

40 perches = 1 rood = 1,210 sq. yds. = 10,890 sq. ft. 

ipoods =lacre = 160perches= 4,840 sq. yds. => 48,660 sq. ft. 

METRIC SYSTRM. 

1 square millimetre = -001550 sq. in. 

1 square centimetre = -155008 sq. in. 

1 square decimetre =: 15*5003 sq. in. 

1 square metre or centiare => 10-764101 sq. ft. 

1 square decametre or are =* -024711 acres. 

1 hectare = 2-47110 acres. 
1 square kilometre — 247*110 acres. 

1 square myiiametre = 38-61090 square miles. 



' MEASURES OP SOLIDS. 

AHXRICAN AND BRITIBH. 

1,728 cubic in^es = 1 cubic foot. 
27 cubic feeu = 1 cubic yard. 
A cord of wood = 128 cu. ft., or a g|e of wood 8 ft. long, 4 ft. wide, and 4 
ft. high = 1 cord. A perch of masoi^ contains 24% cu. ft. ; but in practice 
it is taken as 25 en. ft. 
A ton (-2,240 lbs.) of Pennsylvania Anthracite, when broken for domestic use, 
occupies about 42 cu. ft. of space ; Bituminous coal, about 46 cu. ft., and coke 
about 88 cu. ft. 

MBTRIC SYSTEM. 

1 millilitre or cu. centimetre = -0610254 cu. in. 

IcentUitre = -610254 cu. in. 

1 decilitre = 610254 cu. in. 

1 litre, or cu. decimetre = 61*0254 cu. In. 

1 decalitre, or centistere = '853156 cu. ft. 

1 hectolitre, or decistere . = 3*53156 cu. ft. 

1 kilolitre, or cu. metre, or stere =: 35-3156 cu. ft. 

1 myriolitre, or decastere = 353-156 cu. ft. 

^ LIQUID MEASURE (U. S.). 

4 gills =lpint = 28-876 cu. in. 

2 pints = 1 quart, = 8 gills, = 57-75 cu. in. --. t^. 

4 quarts =l«aUon, = 32 gUte, = 8 pints = 231 cu. In. n> ^ 

31^ gallons => 1 oanel. 

63 gallons. = 1 hogshead. 

2 hogsheads = 1 pipe. 

2 pipes = 1 tun. 

DRY MEASURE (U. S.) 

2 pints = 1 quart, = 67-2006 cu. in. = 116365 liqu 
< quarts = 1 gallon, = 268-8025 cu. in. = 116365 liqi 
igtUons = 1 peck, = 8 quarts = 537*6050 cu 
4peck8 = 1 bushel, =■ 64 pints, = 32 quarts, = 

BRITISH IMPERIAL MEASURE, BOTH LIQU] 

4 gills =.lpint = 34-6592 
2 pints =1 quart =i 69*3185 
4 quarts » 1 gallon. ^ 277*274 



« quarts «-l peck, » 654*548 
4pMki -Iboihel, <-2,218*192 



yGoogk 



20 



COLLIEBY SNGINBBR POCKET-BOOK. 



CONTENTS OP CYLINDERS OR PIPES FOR ONE FOOT IN LENGTH. 

The contents of pipes or cylinders in gallons or pounds are to eacli other as 
the squares of their diameters. Thus, a pipe 9 ft. in diameter will contain 9 
times as much as a 3-foot pipe, or 4 times as much as a ^V^oot pipe. 

Diameter 8 in Inches. 



Diani. Dii 

in in D 

Inches ofi 


imeter 
fcimals 
I Foot. 


GaUonsof 
281 cu. in. 
(U. S. Stand- 
ard.) 


Weight of 

Water in Ibg. 

in 1 ft. of 

Length. 


Diam. 

in 
Inches 


Diameter 

in Decimals 

of a Foot. 


Gallons of 
231 cu. in. 
(U. S. Stand- 
ard.) 


Weight of 

Water in Ihfc 

inl ft. of 

Length. 


\ 


•0208 


•0026 


•02122 


5^ 


•4688 


1-234 


10-27 


•\ 


•0417 


•0102 


•08488 


6 


•5 


1-469 


12-223 


\ 


•0625 


•0230 


•19098 


6^ 


•5417 


1^724 


14-345 


1 


■aS33 


•0408 


•38952 


7 


•5838 


1^999 


16-636 


1^ 


1042 


•0638 


•53050 


'7% 


•625 


2-295 


19-098 


1? 


125 


•0918 


•76392 


8 


•6667 


2-611 


21729 


1\ 


1458 


•1249 


1-0398 


8^ 


•7088 


2-948 


24-53 


2 


1667 


•1632 


1-3581 


9 


•76 


3-305 


27-501 


2^4 


1875 


•2066 


1-7188 


9^ 


•7917 


3-682 


30-641 


2^ 


2083 


•2550 


2-122 


10 


•8333 


4-080 


33-952 


2\ 


2292 


•3085 


2-5676 


101^ 


•876 


4-498 


37-432 


3 


25 


•3672 


80557 


11 


-9167 


4-937 


41082 


»Mj 


2917 


•4998 


4-1591 


11^ 


•9583 


6-396 


44-901 


4 


3333 


•6528 


5-4323 


12 


1-000 


5-875 


48-891 


4^ 


375 


•8263 


6-875 










5 


4167 


1020 


8-488 

















Diometer^Jhfi Feet. 




















1^ 


1-25 


9180 


76-392 


10 


10-00 


587-6 


4889-12 


1^ 


1-50 


13-22 


11000 


li>^ 


10-50 


647-7 


5404 24 


\% 


1-75 


17-99 


149^73 


ll 


11-00 


710-9 


6916-84 


2 


200 


23-50 


195-56 


11^ 


11-50 


777-0 


6486-72 


2^ 


2-25 


29-74 


247-51 


12 


...... 


846-1 


7040-00 


^ 


2-50 


86-72 


305-57 


13 




992-8 


8710-00 


2% 


2-75 


44-43 


369-74 


14 





1152-0 


10096-00 


3 


3-QO 
3-25 


62-88 


440-00 


15 





1322-0 


11000-50 


3\| 


65-28 


544-37 


16 




1504-0 


12516-00 


3? 


3-50 


71-97 


631-00 


17 




1698-0 


1416600 


3% 


3-75 


82-62 


687-53 


18 




19040 


15841-00 


4 


4-00 


94-00 


782-24 


19 




2121-0 


17691-00 


4^4 


4-25 


106-1 


885-40 


•20 




2350-0 


19556-50 


4^ 


4-50 


119-0 


990-04 


21 




25910 


21617-00 


A^ 


4-75 


132-5 


1105-71 


22 




2844-0 


23663-00 


5 


500 


146-9 


1222-28 


23 





3108-0 


25943-00 


^\ 


6-25 


161-9 


1851-06 


24 


, 


3384-0 


28160-00 


5^ 


5-50 


177-7 


1478-96 


25 




36720 


30557-00 


5% 


6-75 


194-3 


1621-43 


26 




39710 


84840-00 


6 


6-00 


211-5 


176000 


27 




4283-0 


35641-00 


63/4 


6 25 


229-6 


191518 


28 




46060 


40384-00 


&h 


6-50 


2-18-2 


2177-48 


29 




4941-0 


41117-00 


6% 


6-75 


207-7 


2233-96 


30 




5288-0 


44002-00 


7 


7-00 


2iJ7-9 


2524-00 


31 




5646-0 


46984-00 


7^ 


7-50 


330-5 


2750-12 


32 




60170 


50064-00 


8 


8-00 


37«-0 


3128-96 


33 




63980 


53242-00 


83^ 


8-50 


424-5 


3541-60 


34 




6792-0 


56664-00 


9 


9-00 


475-9 


3960-16 


35 




7197-0 


59891-50 


9^ 


9-50 


580-2 


4422-84 


36 




7614-0 


63364-00 



UNITED STATES CURRENCY. 

10 mills = 1 cent. 
10 cents = 1 dime. 
10 dimes = 1 dollar. 
10 dollars = 1 eagle. 



MONEY. 



BRITISH MONEY. 

4 farthings = 1 penny. 
12 pence = 1 shilling. 
20 shillings = 1 pound sterling. 
^l shillings == 1 Guinea. 



OOLLtBBY BNGINEBB POCKBT-BOOK.. 



21 



VALUE OF FOREIGN COINS IN UNITED 8TATJS CURRENCY. 



Crown, Great Britain $ 1.13 

Crown, Spain (half pistole) 1.95 

Crown, Germany 1.06 

Crown, Sicily 96 

Crown, Denmark, Norway, and 

Sweden 27 

Oopeck, Russia Odfii 

Dollar, BoUvia 96 

Dollar, U. S. of Columbia 93% 

Dollar, Chili, Peru, Ecquador... .93 
Dollar, Liberia, Mexico, Sand- 
wich Islands, Canada 1.00 

Doubloon, Spain, Mexico 15.65 

Doubloon, Central America ... { J5 ^ 

Doubloon, New Granada 15.34 

Ducat, Austria, Bohemia, Ham- 
burg, Hanover 2.28 

Ducat, Sweden 2.20 

Ducat, Denmark 1.81 

Franc, France, Belgium, Bul- 
garia, Italy, Roumania, and 

Switzerland 19^^ 

Flozin, Austria, Silesia 48 



Florin, Holland, Netherl'nds, 

South Germany $ .38 

Florin, (gold) Hanover 1.66 

Florin, (silver) Hanover 56 

Florin, Prussia ...; 55 

Gulden, Baden 40 

Guinea, Great Britain 6.11 

Groschen, Prussian Poland... .02^ 

Imperial, Russia 7.92 

Kreutzer, Bavaria 00% 

Marc, Germany 24 

Maximillian, Bavaria 3. 30 

Milrea, Portugal 1.08 

Napoleon, France 3.84 

Pistole, Rome 3.37 

Pistole, Spain 3.90 

Peseta or Pistareen, Spain 20 

Piastre, Spain 1.04 

Pound, Great Britain 4.87 

Rouble, Russia 75 

Shilling, Great Britain 24 

Sovereign, Great Britain 4.87 

Sous, France 01 



STRENGTH AOT) WEIGHT OP MATERIALS. 



WOODEN BEAMS. 

To find tlie qaiegcent breaking«1oad of a horizontal square or reetan^ar 

beam.— Multiply the breadth in inches by the square of depth in inches, ^vide 
the product by distance in feet between the supports, and multiply the quo- 
tient by the constant given in following table. 

. To find the quiescent breakin^-Ioad of a horizontal cylindrical beam.— 
Divide the cube of the diameter in inches by the distance between the sup- 
ports in feet, and multiply the quotient by the constant. 

TABLE OP CONSTANTS. 

Calculated for seasoned timber. For green timber take one-half of these 
constants. Safe working-load is one-third of breaking-load. 



Ash, white 

Ash, swamp 

Ash, black 

Balsam, Canada 

Beech, white 

Beech, red 

Birch, black 

Birch, yellow .... 

Cedar, white , 

Chestnut 

Eha 

Elm, rock 

Hemlock 

Hickory 

Ironwood 



Square or 




Rectangu- 


Round. 


lar. 




650 


383 


400 


236 


300 


177 


350 


206 


4^ 


265 


550 


324 


450 


265 


450 


266 


250 


147 


450 


265 


350 


206 


600 


353 


400 


236 


650 


383 


600 


353 



Locust 

Lignumvitse...-. ... 

Larch , 

Maple 

Oak, red or black 

Oak, white 

Oak, live 

Pine, white , 

Pine, yellow 

Pine, pitch 

Poplar 

Spruce 

Sycamore 

Willow 
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^ EXAMPLES. 

« J?il?* ?® quiescent breaking-load, and safe working-load of a yeUow piue 
collar a in. square, 12 ft. between legs. 

Breaking-load = -^^ X 800 = 21,335 B)s. for seasoned, and 10,668 lbs. for 
green timber. 
Safe working-load = 7,111 fte. for seasoned, and 8,556 fts. for green timljer. 

^J?o"A);^® quiescent breaking-load, and the safe working-load of a hemlock 
collar 10 in. diam., 7 ft. between legs. 

Breaking-load = ^ x 236 = 33,715 lbs. for seasoned timber, and ^^J^^ 
= 16,867 lbs. for green timber. 

Safe working-load = ^^ = ii,238 fts. for seasoned, and ^f^ or ^^-^^ 
— 6,619 lbs. for green timber. 

Harlng the length and diameter of a collar to find the diameter of a longer 
«oifJ«',to support the same weight.— The strength of collars varies as the cubes 
of their diameters, and inversely as their lengths. 

Example.— If a collar 6 ft. long and 8 in. diameter supports a certain weight, 
what mustbe th^ diameter of a collar 12 ft. long to support the same weight? 
Ans.—f 6 : f 12 :: 8 in. : 10+ in. 

To And the diameter of a eoUar when the weight increases in proportion to 
the length.— Find the required diameter to support the same weight as the 
short collar. Then the length of the short collar is to the length of the long 
one as the diameter found to support the original weight is to the required 
diameter. 

Example.— If a collar 6 f^. long, 8 in. diam. supports a certJEdn weight, what 
must be the^diameter of a collar 12 ft. long to support twice the weight ? 
An9.—f 6 : f 12 :: 8 : ( ) or 10+ 

Then, 6 : 12 :: 10» : ( )^ or ^ ^ J-*"^ = 2,000, and f 2,000 = 12*6 in. 
o 

IRON AND STEEL BEAMS. 
CJonstants for use in calculating strength of Iron and steel beams : 

Cast-iron 2.000 

Wrought-iron 2,200 

Steel „ 6,000 

Hard steel will break the same as cast-iron. Soft steel will bend like 
wrought-iron. The elastic limit of wrought-iron is reached at about 2,200 fi>s 
As it does not break, we use the limit of elasticity. 

To And the quiescent breaking-load of a horizontal sanare or rectangnlar 
iron or steel beam.— Multiply the square of its depth in inches by its breadth 
in inches, and multiply tnis result by the constant for the material used. 
Divide by the length in feet between the supports. 

Example.— Find the quiescent breaking-load of a wrought-iron beam 6 in. 
square and 12 ft. between supports, and subtract ^ the weight of the beam 
between its supports. If the load is equally distriouted over the beam it will 
be twice as great as that found by above rule. 

Safe working load is 3^ of breaking-load. 

To find the quiescent breaking-load of a cylindrical iron or steel beam. — 

Find the breaking-load of a square beam the sides of which are equal to the 
diameter of the round one, and multiply by -6. 
Safe working load is % of breaking-load. If the load is equally distributed 
the beam it will be twice as great. r^ ^^^^T^ 

Digitized by V^OOQLC 
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ROLLED IRON I-BEAMS. 

Calculated for loads evenly distributed over beamd, and the beams supported 
at both ends. If the load is concentrated in the center, one-half of the loads 
in the table must be taken. 



Dimensions in inches. 



Depth. 



Width 

of 
Flange. 



Thieknesa 

of 

Web. 



Wrfght in 
Poonds 
per Foot. 



Safe Working-Loads in Tons for Spans of 



10 ft. 



15 ft. 



20 ft. 



25 ft. 



80 ft. 



83-33 
66-66 
5000 
57-77 
41-67 
46-00 
35-00 
3000 
30-00 
28-33 
23-33 
26-67 
21-67 
21-67 
18-33 
16-67 
13-33 
13-33 
10 00 
10-00 
8-00 
7-67 



38-88 
32-35 
24-84 
21-33 
16-65 
16-38 
12-06 
10-44 
8-64 
8-46 
7-11 
6-93 
6-12 
6-13 
4-50 
8-51 
2-88 
2-25 
1-73 
1-26 
1-17 
0-72 



25-92 
21-56 
16-56 
14-22 
11-10 
10-92 
8-04 
6 96 
5-76 
5-64 
4-74 
4-62 
4-08 
8-42 
8-00 
2.34 
1-92 
1-50 
1-15 
0-84 
0-78 
0-48 



19-44 
16-17 
12-42 
10-66 
8-33 
8-19 
6-03 
5-22 
4-32 
4-23 
3-56 
3-47 
306 
2-57 
2-25 
1*76 
1-44 
1-13 
0-86 
0-63 
0-59 
0-36 



15-55 
12-94 
9-94 
8-53 
6-66 
6-65 
4-82 
4-18 
3-55 
3-38 
2-84 
2-77 
2-45 
2-05 
1-80 
1-40 
1-15 
0-90 
0-69 
0-50 
0-47 
0-29 



12-96 
10-78 
8-28 
7-11 
5-56 
5-46 
4-02 
3*48 
2-88 
2-82 
2-37 
2-31 
1-98 
1-71 
1-50 
117 
096 



PILLARS OR PROPS. 

To find the emsliing-load of either sqnare or rectangular wooden pillars or 

props.— Call one side of the square or the least side of the rectangle the 
breadth. Divide the square of the length In inches by the square of the 
breadth in inches, multiply the quotient by -004, add 1 to the product, and 
divide the constant in the following table by the result. Then multiply this 
quotient bv the number of square inches in the end of the prop. 

Or, breaking-load in lbs. ) cnnstAnt • i j. I l*" v^ ./wvi } 
per sq. in. of area / == Constant -^i+|_x-004 | 

When L => Length in inches, and B = Breadth in inches. 

TABLE OF CBUSRINO- LOADS OF AMBBICAN WOODS 

In small blocks of 1 sq. in. area. These are for well-seasoned wood. For 
green timber take J4 of the constants or crushing-strength. Safe working- 
load = % of crushing-load. 



Wood. 


in 
Lbs. per Sq. In. 


Wood. 


Croshing-Lowl 

in 
Lbs. per Sq. In. 


Ash 


6,800 
7.000 
8,000 
6,000 
4,400 
5,800 
5,800 
8,000 
5,000 
9.800 
7,000 

5,300 


Maple, sugar, black. ..„ 

Maple, white, red 

Oak, white, red. black 

Oak, scrub, basket 

Oak, chestnut, live 

Oak, pin 


8,000 


Beech 


6,800 


Birch 


7,000 


Cedar, red ..i.r^. 


6,000 


Cedar white 


7,500 


Chestnut 


6.500 


Hemlock ~ 


Pine, wliite 


6,400 


Hickory -„-rf-,TT---r-""" 


Pine, pitch 


6,000 


Linden 


Pine, Georgia 


8,500 


Locust, black, yellow.. 
Locust, honey 


Poplar 


6,000 


Spruce, black 


6,700 


Maple, broad -leafed 
Oregon 


Spruce, white 

Willow..^ 


4,500 
41400 
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ExAMPLE.~What Is the breaking-lead of a well-fleasoned hemlock post 10 In. 
by8in. andl2ft. long? 

^na.-6,800 -J- 1 + [ -gt" X -004 1 = 2308-4 lbs. per iq. inch of area. 2808-4 

X 80 = 184,672 lbs. 

To And the breaking-load of a eylindrloal Trooden prop.— Find the breaking- 
load of a square prop whose ends are equal in area to those of the cylindrical 
one, and proceed according to foregoing rule. 

Example.— What is the safe working-load for a hemlock mine-prop 10 in. 
diameter, 10 ft. long? 

^n«.— The area of t he en d of the prop = 78*54 sq. in. A square of equal area 

will have sides = to |/78-54 = 8*86+ in. 

f 120' ) 

Then, 5,300 -5- 1 + ] g^r^ x '004 J = 3,058*8 ftis. per each square inch of area. 

And 3058-3 X 78*54 = 240,198 lbs. This is the crushing-strength of a similar 
prop of seasoned timber, but as mine-timber is used in its green state we take 

\ of 240,198 lbs. or 120,099 fts. as the crushing-load of the prop In question. 

hen, the safe working-load is >^ of this, or 40,033 lbs. 

SAFE WORKING-LOAD FOR HOLLOW CAST-IRON PILLARS. 



Thioknen 
of Metal 


s External 
Diameter. 




Length of Pillar 






8 ft. 


10 ft. 


12 ft. 


14 ft. 


16 ft. 




Inches. 


Tonn. 


Tons. 


Tons. 


Tons. 


Tons. 




3 


40 


3*2 


2*3 


1*8 


1*4 




3^ 


6-9 


51 


3*6 


2-7 


2*3 




4 


8-1 


61 


4*7 


3*6 


3*4 


\ in.- 


41^ 


10 6 


8*1 


6*5 


50 


4*4 




5 


13-3 


10-4 


8-3 


6*7 


5*4 




53^ 


15-3 


12-9 


10*5 


8*5 


70 




6 


190 


15-5 


12*7 


9*5 


8*7 




3 


4-7 


3-5 


2*6 


2*0 


1*6 




21^2 


71 


5-3 


4-2 


3-2 


2*5 




4 


9-2 


7-3 


5-6 


4-4 


3*9 




4^ 


12-8 


9*9 


7-7 


61 


5*5 


f^ in. 


5 


161 


12-7 


9*1 


81 


70 




5^, 


18-7 


15*7 


12-8 


10-4 


8-8 




6 


232 


190 


15-6 


12-8 


10*6 




(Prta 


869 


22-4 


18*7 


15*2 


13*0 




P 


30*7 


260 


21-9 


18*5 


15*6 




3 


5-4 


3*8 


2*8 


2-2 


1-7 




33^ 


8-1 


6-2 


4-4 


3*5 


2*6 




r» 


11-3 


8*5 


6*5 


4*8 


3*8 




4^ ' 


14-9 


11-5 


8-9 


7*2 


60 


% in.- 


5^ 


18-8 


14-8 


11*7 


9*0 


7*7 




5^ 


21-8 


18-4 


14-9 


12-1 


10*2 




6 


27-2 


22-3 


183 


150 


12*5 




&^ 


31*6 


26-3 


21-9 


17-8 


15 3 




7 


361 


30-6 


25*8 


21*7 


18*4 




4 


13*9 


10-4 


8*0 


6*4 


4*8 




i^i 


18-5 


14-3 


111 


8-8 


71 




5 


23-6 


18-6 


14-8 


11-9 


9*6 




53^ 


27-6 


23-2 


18*9 


15*3 


12*7 




6 


34-5 


28-3 


23*2 


19*1 


15*9 


1 in.- 


63^ 


40-3 


33-6 


280 


22-8 


19-6 




t" 


46*2 


391 


33*0 


27*8 


23-6 




7^ 


52-2 


44-9 


38-3 


32*6 


27*9 




8 


58-3 


50*7 


43*8 


37*7 


82*5 




S^i 


643 


56-5 


49*4 


42*9 


37-3 




9 


70-5 


62-7 


55*3 


48*1 


42*3 
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TABLS to SHOW THE WEIGHT OR PREaSURK A COLUMN OF CAST-IRON WILL 
SUSTAIN WITH SAFETY. 



Length or Height in 
fecu 


8 


10 


12 


14 


16 


18 


20 

Weight 


22 


24 


Diameter. 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Weight 


Inches. 


in owt. 


in owt. 


in owt. 


in owt. 


in owt. 


in owt. 


in owt. 


in owt. 


inowu 


^^ 


91 


77 


65 


55 


47 


40 


34 


29 


25 


3 


145 


128 


111 


97 


84 


78 


64 


56 


49 


3^ 


214 


191 


172 


156 


135 


119 


106 


94 


83 


4 


288 


266 


242 


220 


198 


178 


160 


144 


130 


43^ 


379 


354 


327 


301 


275 


251 


229 


208 


189 


5^ 


479 


452 


427 


394 


365 


337 


310 


285 


262 


6 


573 


550 


525 


497 


469 


440 


413 


386 


360 


7 


989 


959 


924 


887 


848 


808 


765 


725 


686 


8 


1289 


1259 


1224 


1185 


1142 


1097 


1052 


1005 


959 


9 


1672 


IfrlO 


1603 


1561 


1515 


1467 


1416 


1364 


1311 


10 


2D77 


2015 


2007 


1964 


1916 


1865 


1811 


1755 


1697 


11 


2520 


2490 


2450 


2410 


2358 


2305 


2248 


2189 


2127 


12 


8020 


2970 


2930 


29()0 


2830 


2780 


2730 


2670 


2600 



GREATEST SAFE LOAD, PER SVPERFiaAL FOOT. 

On Granite piers is 40 tons. 

Portland stone piers 13 

Bath stone piers 8 

Brickwork in cement 3 

Rubble masonry 2 

Lime concrete foundation 2^ 

The height of brick or stone piers should never exceed 12 times their least 
thickness at base. 



SHAFTING. 

Shafts are subject to two forces— transverse strain and torsion. 

When the machines to be driven are below the shaft, there is a transverse 
strain on the shaft, due to the weight of the shaft itself, of the pulley and 
tension of the belt. Sometimes the power is taken off horizontally on one 
side, in which case the tension of the belt produces a horizontal transverse 
strain, while the weight of the pulley acts with the weight of the shaft to 
produce a vertical transverse strain. When the machinery to be driven is 
placed on the floor above the shaft, the tension of the belt produces a trans- 
verse strain In opposite direction to that due to the weight of the shaift and 
pulley. The transverse strain diminishes as the velocity of the shaft 
increases. 

The torsional strength of shafts or their resistance to breaking by twisting, 
is proportional to the cube of their diameter. Their stiflftiess or resistance to 
bending is proportional to the fourth power of their diameters, and varies 
inversely in proportion to their load and also to the cube of the length of 
their spans. 



STRENGTH OF WROUGHT-IRON SHAFTING. 



D = Diameter of shaft in Inches. 

H = Indicated horse-power to be transmitted. 

N = Number of revolutions per minute. 

In cromk-thcift and prime movers : 
Brr ordinary sha^ng: 




pa N 
83 

D» N 



dbTG^^gk 
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LENGTH OF SHAFTING TO RESIST TORSION. 

L = length of lever in inches, or radius of wheel at which force is applied. 

F = Force applied in pounds. 

D = Diameter of shaft in inches. 

K = 1,700 for wrought-iron ; 3,2 00 for cast-steel ; 1,500 for cast-iron. 

. = ^-; . = 2- 

JSrompte.— Required to And the diameter of a wrought-iron shaft for a drum 
having 2 tons pulling on it at 30-inch radius. L = 30 ; F = 2 X 2,240 = 4,480 ; 
K = 1,700 ; then, 

a / 30 X 4,480 
^ ^ •%/ IJTOO = 4*3 Inches. 



SPECIFIC GRAVITY, WEIGHT, AND PROPERTIES OF MATERIALS. &C. 

The specific gravity of a body is its weight In proportion to an equal bulk of 
pure water, at a standard temperature. The standard temperature is 629 
Fahr. = 16'670° Cent. A cubic inch of water weighs 252*456 Trov grains, the 
temperature being 62° Fahr., and the height of the barometrical column, 80 
inches; and 7,000 Troy grains are equivalent to one pound Avoirdui>oia. 
Thence it follows that a cubic foot of water would weigh 997 -186 ounces. 

To And the speeiflc grarity of a solid heavier than water.— Weigh the body 
both in air and in water ; to the weight in air anpex 3 ciphers, and divide by 
the difference of weight. 

To And the 8pe«itte graritv of a solid lighter than water.— Attach to it 
another body heavy enough to sink It, weigh severally the compound mass, 
and the heavier body in water, and say : As the difference of weights lost in 
water is to the weight of the given boay in air, so is the specific gravity of 
water to that of the given body. 

To find the specific gravity of a fluid.— Weigh both in and out of the fluid a 
solid (insoluble) of known specific gravity : then say : As the weight of the 
solid to that lost in the fiuid, so is the specific gravity of the former to that of 
the latter. 

The welg:ht of a cubic foot of water at a temperature of 62° is 1,000 ounces 
Avoirdupois, and the specific gravity of a body, water being 1,000, shows the 
weight of a cubic foot of that body in ounces Avoirdupois. Then, if the msLg- 
nitude of the body be known, its weight can be computed, or if its weight be 
known, its magnitude can be calculated, provided we know its si)ecific grav- 
ity; or of the magnitude, weight, and specific gravity, any two being known, 
the third may be found. 

To find the magnitude of a bodv ft-om its weight.— Say, as the specific grav- 
ity Is to its weight in ounces, so is one cubie foot to its magnitude in feet. 

To find the weight of a body from its magnitude.— Say, as one cubic foot is 
to its magnitude in feet, so is its specific gravity to its weight in ounces. 

SPECIFIC GRAVITY OF SUBSTANCES. 

NoTB— The specific gravity of any substance is equal to its weight in 
grammes per cubic centimetre. (See table of metric weights and measures.) 



Substance. 



Air, atmospheric ; at 60° Fahr. under pressure of 1 at- 
mosphere, or 14"7 fbs. per sq. in 

Alcohol, pure „ 

Alcohol, of commerce 

Aluminum 

Anthracite coal 

Anthracite Increases about 75 per cent, in bulk when broken to any 
market size. A ton loose averages from 40 to 43 cu. ft. 

Asphaltum 

Brass, cast..« 

Brass, rolled 

Bronze, gun-metal 

Brick, WBt pressed .^^^^^, 



Arerage 
Speoiflo 
Gravity. 



•00123 

•793 

•884 
2-6 
1-6 



1-4 
81 
8-4 

.^O Og l< 



Average 

Weight per 

Cu. Ft. In Lba. 



•0765 
49-43 
6210 
16200 
93-50 



87-3 
5040 
524-0 
5290 
150-0 
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Brick, common hard. 

Carbonic acid gaa 

Clay, dry, in lumps loose. 

Clay, potters', dry 

Coke, loose, of good coal 

A heaped bushel, loose, weighs ft-om 85 to 42 lbs. 
80 to 97 ou. ft. 

Coal, Bituminous 

Coal, Bituminous, broken, loose 

Coal, Bituminous, moderately shaken 

A heaped bushel, looser weighs about 74 lbs., and a ton occupies 
fhxn 43 to 48 cu. ft. Bituminous coal, when broken, oocnpies 75 
per cent, more space than in the solid. 

Copper, cast 

Copper, rolled 



Earth, common loam, perfectly dry, loose ... 

Earth, common loam, perfectly dry, shaken 

Earth, common loam, perfectly d^, moderately packed 
Earth, common loam, slightly moist, loose . 

Earth, common loam, more moist, loose 

Earth, common loam, more moist, shaken ... 
Earth, common loam, more moist, packed ... 
Earth, common loam, as a soft flowing mud 
Earth, common loam, as a soft mud packed. 

Gypsum (Plaster of Paris) 

Gypsum, in irregular lumps 

Gypsum, ground, loose 

Gypsum, ground, well shaken. 

Gypsum, calcined loose «.= 

Gravel 

Gold, oast, pure or 24 carat 

Gold, natiye, pure or 19-32 carat 

Guttapercha. ., 

Hydrogen Gas, 14^ times lighter than air and 16 times 
lighter than oxygen., 

Iron, cast 

Iron, wrought 

Iron, rolled bars 

Iron, sheet .....^ 

Ice 

Lead 



lime, quick 

Lime, quick, ground, loose, per struck bushel, 66 lbs. ... 
Lime, quick, ground, well-shaken, perstruckbu.,861bs. 
Meroury,at 32° F. 
Mercury, at 60° F. 
Mercury, at 212® F. 



Nitrogen Gas, ^ part lighter than air . 

Oils, whale, olive 

Oxygen Gas, ^ part heavier than air . 

Petroleum 

Powder.. 

Rosin 



Slate 

Silver « 

Steel ^ 

Sulphur 

Tallow 

Tin, cast 

Water, pure rain or distilled, at 32° F., Barom. 30 in.... 
Water, pure rain or distilled, at 62° F., Barom. 30 in.... 
Water, pure rain or distilled, at 212° F., Barom. 30 in.... 

Water, sea, averagi; 

Zinc ,■ 



2-27 



19-26 
19-32 



715 
7-77 
7-65 

•92 

11-38 
1-9 



13-62 

13-58 
13-38 

•92 

-00136 

■878 
1-00 
11 
2-8 
10-5 
7-8 
20 

-94 
7-35 

1-00 

1-03 
7-00 



5420 
555-0 

15-6 

76-0 

870 

95-0 

78-0 

80-0 

90-0 

96-0 
108-0 
115-0 
141-6 

82-0 

56-0 

64-0 

56-0 

98-0 
12040 
12060 

61-1 

•00527 
450 
485 
480 
485 

57-4 
710 

95 



819 
K4(} 
8:^6 
-0744 

57-3 
•0846 

5t-8 

02-:{ 

G8-6 
1750 
655-0 
490-0 
1-250 

68-G 
4590 

62-417 

62-355 

59-7 

64-08 
487-5 
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W£IOHT OF CAST-IROK. 



To find the approximate weight of a castlnff, multdply the weight of the 
pattern by 20. Copper is i heavier ; Lead, i heavier ; Brass, | heavier. 



^oE 


Weight Of a 

Square Foot 

In lbs. 


Weight of 

a Square Bar 

1 ft. long 


Weight of 

a Round Bar 

1 ft. long 


Thickn 
or Diam 
in inch 


Weight of a 

Square Foot 

In lbs. 


Weight of 

a Square Bar 

1 ft. long 


Weight of 

a Round Bar 

1 ft. Ions 


?la 


in lbs. 


in lbs. 


m 


in lbs. 


in lbs. 


\ 


9-375 


•195 


•154 


4^ 


168-7 


63-83 


49-71 


% 


1406 


•440 


•346 


^ 


173-4 


66-86 


52-52 


^ 


18-75 


•781 


•610 


4\ 


1781 


70-52 


55-39 


% 


23-44 


1-221 


•959 


47yb 


182-8 


74-27 


58-34 


€ 


2812 


1-758 


1^381 


5 


187-5 


78-12 


61-37 


% 


32-81 


2-393 


1-880 


514 


196-9 


86-14 


67-65 


1 


37-50 


•3-125 


2455 


^ 


206-2 


94-54 


74-26 


1^ 


4219 


3-955 


3-107 


5% 


216-6 


103-3 


81-16 


1? 


46-87 


4-883 


8-835 


6 


225-0 


112-5 


88-36 


1% 


51-57 


5-909 


4-640 


6^4 


234-4 


122-1 


95-89 


1^ 


56-26 


7-033 


5-523 


6^ 


243-8 


182-0 


108-7 


1% 


60-94 


8-253 


6-484 


6^ 


253-1 


142-4 


111-9 


1% 


65-63 


9-572 


7-518 


7 


262-5 


158-2 


120-2 


1^ 


70-32 


10-99 


8-630 


714 


271-9 


164-2 


129-0 


2 


75-01 


12-50 


9-821 


7^ 


281-3 


175-8 


188-1 


2% 


79-70 


14-11 


11-09 


7% 


290-7 


187-7 


147-4 


2? 


84-40 


15-83 


12-48 


8 


300-0 


200-1 


157-0 


2% 


89-07 


17-63 


13-85 


8I4 


809-4 


212-7 


167-0 


2^ 


93-75 


19-54 


15-34 


8^ 


318-8 


225-8 


177-3 


2% 


98-44 


21-54 


16-56 


8% 


828-2 


289-3 


187-9 


2% 


103-2 


23-64 


18-56 


9 


837-4 


253-1 


198^8 


2^ 


107-8 


25-84 


20-29 


9^4 


846-8 


267-4 


210-0 


8 


112-6 


28-13 


22-10 


^ 


866-2 


282-1 


221-6 


3% 


117-3 


30-52 


23-97 


9% 


365-6 


297-0 


233-3 


3J4 


121-8 


33^01 


25-93 


10 


875-0 


812-5 


245-5 


3% 


126-5 


35-60 


27-95 


1014 


884-4 


328-4 


267-8 


3^ 


131-2 


38-28 


30-07 


l(fl^ 


393-7 


344-5 


270-6 


3% 


135-9 


41-07 


82-25 


10^ 


408-1 


361-2 


283-7 


3? 


140 6 


43-95 


84-51 


11 


412-5 


878-2 


297-0 


3^ 


145-3 • 


46-93 


86-85 


1114 


421-9 


895-6 


310-6 


4 


150-0 


50-01 


89-27 


11? 


431-2 


413-3 


324-6 


4% 


154-7 


5318 


41-77 


11^ 


440-6 


431-4 


338-8 


4^ 


159-3 


56-46 


44-33 


12 


450-0 


450-0 


353-4 


4^ 


164-0 


59-82 


46-99 











WEIGHT OP A SUPERFICIAL FOOT OF PLATES, DIFFERENT METALS, IN POUNDS. 



Thick- 
















ness. 


Iron. 


Bran. 


Copper. 


Lead. 


Zinc. 




ThIckneM. 


Inches. 
















VTn 


2-5 


2-7 


2-9 


3-7 


2-3 


•Oti25 Inches = 16 B.W. Q. 


^. 


5-0 


6-5 


6-8 


7-4 


4-7 


-125 


= 11 


7-5 


8-2 


8-7 


111 


7-0 


-1875 


= 7 


^. 


10-0 


110 


11-6 


14-8 


9-4 


25 


= 4 


12-5 


18-7 


14-6 


18-5 


11-7 


-8125 


" =1 " 




15-0 


16-4 


17-2 


22-2 


14-0 


-375 




Ks 


17-5 


19-2 


20-0 


25-9 


16-4 


-4375. 




34 


20-0 


21-9 


22-9 


29-5 


18-7 


-5 




71« 


22-5 


24-6 


25-7 


83-2 


211 


-5625 




^ 


25-0 


27-4 


28-6 


86-9 


23-4 


-625 




27-5 


80-1 


31-4 


40-6 


25-7 


-6875 




"4 


30-0 


32-9 


84-3 


44-3 


28-1 


-75 




32-5 


86-6 


87-2 


48-0 


30-4 


-8126 






86-0 


88-3 


40-0 


51-7 


32-8 


•875 






37-5 


41-2 


42-9 


65-4 


361 


-9375 






40-0 


43-9 


45-8 


59-1 


37-5 


1-000 


-^oo^Ie 
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WEIGHT OF CAST-IBON PIPE PEE FOOT IN POUNDS. 



2d 



These weights are for plain pipe. For hautboy pipe add 8 inches in lengrth 
for each joint when using this table. For copper add |; for lead, |; for 
welded iron add ^, or multiply by 10667. 



Diameter 
of 










FhlckneM of Pipe In 


Inches 












Bore 










' 


io 
Inches. 


H 


% 


% 


Vs 


54 


Vs 


1 


IK 


m 


1% 


lK|l%j 2 


1 


307 


5-07 


7-88 






















V4 
1?4 


3-69 
4-30 
4-92 


600 
6-92 
7-84 


8-61 
9-84 
111 






















2 


5-53 
615 


8-76 
9-69 


12-3 
13-5 


16-2 
17-7 


















2,\t 


6-76 


10-6 


1^8 


19-2 


240 










j 






J^X 


7-37 


11-5 


160 


20-8 


25-9 
















3 


7-98 


12-5 


17-2 


22-3 


27-7 


83-4 








i 






3>i 


9-21 


14-3 


19-7 


25-4 


31-4 


87-7 














4L 


10-3 


161 


22-2 


28-5 


351 


42-0 














^yi 


11-7 


ISO 


24-6 


81-5 


38-8 


46-3 














b^ 


12-9 


19-8 


27-1 


84-6 


42-5 


50-6 














5}4 


14-2 


21-7 


29-5 


87-7 


46-1 


54-9 














6* 


15-4 


23-5 


320 


40-8 


49-8 


59-2 


68-9 














r- 


16-6 


25-4 


34-5 


43-8 


53-5 


63-5 


73-8 


84-4 












17-8 


27-2 


36-9 


46-9 


57-2 


67-8 


78-7 


89-4 












7K 


191 


291 


39-4 


60-0 


60-9 


72-1 


83-7 


95-5 


108-0 










8* 


20-3 


SO-9 


41-8 


531 


64-6 


76-4 


88-6 


101 


114 


127 








8>^ 


21-5 


32-8 


44-3 


661 


68-3 


80-7 


93-5 


107 


120 


134 


148 






9* 


22-8 


34-6 


46-8 


59-2 


720 


851 


98-4 


112 


126 


140 


155 






9>^ 


240 


36-4 


49-2 


62-3 


75-7 


89-3 


103 


118 


132 


147 


163 






10^* 


251 


38-8 


51-7 


65-3 


79-4 


93-6 


108 


123 


138 


164 


170 


202 




11 


27-6 


420 


56-6 


71-5 


86-7 


102 


118 


134 


151 


168 


185 


220 




12 


300 


45-7 


61-5 


77-7 


941 


111 


128 


145 


163 


181 


199 


237 


275 


13 


32-5 


49-4 


66-4 


83-8 


102 


120 


188 


156 


175 


195 


214 


254 


294 


14 


350 


531 


71-4 


89-4 


109 


128 


148 


168 


188 


208 


229 


271 


314 


15 


37-4 


66-7 


76-3 


961 


116 


137 


158 


179 


200 


222 


244 


289 


334 


16 


39-1 


60-4 


81-2 


102 


124 


145 


167 


190 


212 


235 


258 


306 


353 


17 


42.3 


641 


861 


108 


131 


154 


177 


201 


225 


249 


273 


323 


373 


18 


44-8 


67-8 


910 


115 


139 


163 


187 


212 


237 


262 


288 


340 


393 


19 


47-3 


71-5 


960 


121 


146 


171 


197 


223 


249 


276 


803 


357 


412 


20 


49-7 


75-2 


101 


127 


153 


180 


207 


234 


261 


289 


317 


375 


432 


21 


52-2 


78-9 


106 


138 


161 


188 


217 


245 


274 


803 


332 


392 


452 


22 


54-6 


82-6 


111 


139 


168 


196 


227 


256 


286 


316 


347 


409 


471 


23 


57-1 


86-3 


116 


145 


175 


206 


236 


267 


298 


330 


362 


426 


491 


24 


59-6 


89-9 


121 


152 


183 


214 


246 


278 


311 


343 


375 


444 


511 


25 


62-0 


93-6 


126 


158 


190 


223 


256 


2o9 


323 


357 


391 


461 


531 


26 


64-5 


97-3 


131 


164 


198 


231 


266 


300 


835 


370 


406 


478 


550 


27 


66-9 


101 


135 


170 


205 


240 


276 


311 


348 


384 


421 


495 


570 


28 


69-4 


106 


140 


176 


212 


249 


286 


323 


360 


397 


436 


512 


590 


29 


71-8 


109 


145 


182 


220 


257 


295 


334 


372 


411 


460 


530 


609 


30 


74-2 


112 


150 


188 


227 


266 


305 


845 


384 


424 


466 


547 


629 



SHEET-IRON— AMERICAN MAKE. 



No. 


Lbs. per 
Square Foot. 


No. 


Lbs. per 
Square Foot. 


^0- SquJls?i>t. 


No. 


Lbs. per 
Square Foot. 


1 


12-50 


8 


6-86 


16 .2-81 


22 


1-25 


2 


12-00 


9 


6-24 


it *L'tS^ 


23 


1-12 


3 


11-00 


10 


5-62 


MMimm 


24 


1-00 


4 


1000 


11 


5-00 


r^r^^t^"^ 


•90 


5 


8-75 


12 


4-88 


, T * "V*^ ^ 


6 


8-12 


13 


3-75 


•72 


7 


7-50 


14 


312 
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WEIGHT OF WBOUGHT-IBON. 



The following table is for wrought-iron. 
Multiply by -95 for weiflrht of casMron, 
Multiply by 102 for weight of steel. 
Multiply by 1*16 for weight of copper. 
Multiply by 1 -09 for weight of brass. 
Multiply by 1*48 for weight of lead. 



Add 1^ for weight of steeL 



Thickness 


Weight 


Weight of a 


Weight of a 


Thickness 


Weight 


Weight of a 


Weight of a 


Diameter 


of a 


Square Bar 


Round Bar 


Diameter 


of a 


Square Bar 


Round Bar 


in 


Square Foot. 


1 Foot Long. 


1 Foot Long. 


in 


Square Foot. 


1 Foot Long. 


1 Foot L.oi)g. 


Inches. 


Lbs. 


Lbs. 


Lbs. 


Inches. 


Lbs. 


Lbs. 


Lbs. 


% 


5-052 


-0526 


•0414 


4^ 


176-8 


64-47 


50-63 


x/ 


10-10 


•2105 


•1653 


4IZ 


181-9 


68-20 


53 57 


78 


15-16 


-4736 


•3720 


4% 


186-9 


72-05 


56-59 


Ta 


20-21 


•8420 


•6613 


ii 


192-0 


75-99 


59-69 


7» 


25-26 


1-316 


1033 


1^.0 


80-05 


62 87 


% 


30-31 


1-895 


1-488 


5 


202-1 


84-20 


6613 


35-37 


2-579 


2-025 


514 


212-2 


92-83 


72-91 


1 


40-42 


3-368 


2-645 


5Vi 


222-3 


101-9 


80-0-2 


V4 


45-47 


4-263 


3-348 


5^ 


2324 


111-4 


87-46 


50-52 


5-263 


4-133 


6^ 


242 5 


121-3 


95-23 


55-57 


6-368 


5-001 




262-6 


131-6 


103 3 


\i2 


60-63 


7-578 


5-952 


6^ 


262-7 


142-3 


111-8 




65-68 


8-893 


6-985 




272-8 


153-5 


120-5 


70-73 


10-31 


8-101 


7 


282-9 


165-0 


129-6 


75-78 


11-84 


9-300 


71^ 


293-0 


1770 


1390 


2 


80-83 


13-47 


10-58 


712 


303-1 


189-5 


148-8 


23^ 


85-89 


15-21 


11-95 


7^ 


313-2 


202-3 


158-9 


2^4 


90-94 


17-05 


13-39 


8 


323-3 


215-6 


169-3 


2% 


95-99 


19-00 


14-92 


8Vi 


333-4 


2293 


180-1 


2% 


101-0 


21-05 


16-53 


343-5 


243 4 


191-1 


^^ 


106-1 


23^21 


18-23 


874 


363-6 


247-9 


202-5 


i 


111-2 


25^47 


20-01 


9 


363-8 


272-8 


214 3 


116-2 


27-84 


21-87 


9^4 


373-9 


288-2 . 


2263 


3 


121-3 


30-31 


23-81 


9j| 


384-0 


3040 


2387 


w 


126*3 


32-89 


25-83 


9% 


394-1 


320-2 


251-5 


131-4 


35-57 


27-94 


10 


40i-2 


336-8 


264-5 


^^ 


136-4 


38-37 


30-13 


101^ 


414-3 


353-9 


277-9 


^72 


141-5 


41-26 


32-41 


iov2 


424-4 


371-3 


291-6 


3% 


146-5 


44-26 


34-76 


1094 


484-5 


389-2 


305-7 


354 


151-6 


47-37 


37-20 


11 


444-6 


407-5 


3201 


3% 


156-6 


50-57 


39-72 


mi 


454-7 


426-3 


334-8 


4 


161-7 


53-89 


42-33 


iv2 


464-8 


445-4 


3498 


ti 


166-7 


57-31 


45-01 


iig 


4749 


465 


365-2 


171-8 


60-84 


47-78 


12 


485 


485 


380-9 



WEIGHT OP WROUGHT-IRON BOLT-HKADfl, NUTS, AND WASHERS. 


Diameter of Bolt. 


Hexagon Heads and Nuts. 


Square Heads and Nuts. 


Bound Washers. Per 


Inch. 


Per Pair. 


Per Pair. 


Pair. 


0^ 


20 to a ft). 


16 to a 8). 


20 to a ft. 


0% 


10 •• 


8^ " 


10 •• 


0^ 


5 " 


^M " 


6 ". 


0% 


2^ " 


2Ui " 


8 " 


0^ 


2 " 


0-66 ft. 


0-63 ft. 


07^ 


0-77 ft>. 


0-88" 


0-77 " 


1 


1-25 ♦• 


1-31 " 


1-25" 


1% 


1-75 " 


2-10 " 


1-76 " 


vu. 


2-13 " 


2-56 " 


2-25" 


1% 


3 " 


3-60" 


3-25" 


1^ 


8-75 " 


4-42 " 


4-26" 


1% 


4-75 •« 


5-70 •' 


5-26" 


1^ 


5-75 " 


7 •' 


6-50" 


1^ 


7-27" 


8-72 " 


8 " 


2 


8'75 " 


10-50 " r 


boL."-'"" . . 
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.TABLE OP THE WEIGHT, IN POUNDS, OP ONE UNBAL FOOT OP WROITgHT- 
IBON— FLAT. 



Lbf. 

0-85 

106 

1-27 

1-48 

1-69 

1-90 

2-11 

2-32 

2-53 

2-75 

2-96 

, 3-17 

3-38 

3-59 

3-80 

, 4 01 

, 4-22 

, 4-44 

, 4-66 

, 4-86 

, 6-07 



Ins. 

1 by 
l^by 
l^by 
l^by 

2 by 
2^ by 
2^ by 
2^ by 
8 by 
314 by 
3J^by 
8% by 

4 by 
434 by 
4^hy 
4% by 

5 by 
5^4 by 
51^ by 
6^ by 

6 by 

1 by % 1-27 

1^4 by % 1-58 

l^i by % 1-90 

1% by % 2-22 

2 by % 2-53 

2^ by % 2-85 

2\ by % 317 

2% by % 3-49 

3 by % 3-80 

314 by % 412 

3^^ by % 4-44 

3^ by % 4-75 

4 by ag 5-07 

4^ by % 5-39 

4J^ by % 5-70 

4%i by % 6-02 

5 by % 6-83 

Multiply by 95 for weight of cast-iron ; by 102 for weight of steel ; by 116 
for copper ; by 1-09 for brass ; by 1-48 for lead. 

TABLE OF THE WEIGHT OP LEAD PIPE PEB YAED. 

From ^4 to 4^ incfies Diameter. 



Ins. In. 


Lbs. 


5^ by % ... 


.. 6-65 


5^ by % .... 


.. 6-97 


5% by % .... 


.. 7-29 


6 by%... 


.. 7-60 


1 by ^2 -. 


.. 1-69 


1^ by 1^ ... 


.. 2-11 


1^ by 1^ ... 


.. 2-53 


1^ by a^ ... 


.. 2-96 


2 by V2 ... 


.. 3-38 


214 by ^2 ... 


.. 3-80 


2i2 by 1^ ... 


.. 4-22 


2^ by 1^ ... 


.. 4-65 


3 by \ ... 


.. 507 


3^4 by a^ ... 


.. 5-49 


3^ by ^ ... 


.. 5-92 


3^ by ^ ... 


.. 6-33 


4 by ^ ... 


.. 6-76 


434 by a^ ... 


.. 7-18 


5S by a^ ... 


.. 7-60 


4% by ^ ... 


.. 803 


6 by ^ ... 


.. 8-45 


5^4 by a^ ... 


.. 8-87 


5a^ by a^ ... 


.. 9-30 


6% by a^ ... 


.. 9-72 


6 bya^... 


.. 10-14 


1 by % ... 


.. 211 


ia4 by % ... 


.. 2-64 


la^ by % ... 


.. 3-17 


1\ by % ... 


.. 3-70 


2 by% .... 


.. 4-22 


234 by % .... 


.. 4-75 


2? by % .... 


.. 6-28 


2% by % .... 


.. 5-81 


3 by % .... 


.. 6-33 


314 by % .... 


.. 6-87 


3aS by % .... 


.. 7'39 


3\ by % .... 


.. 7-92 



In.. 3n. 


Lb«. 


4 by % ... 


... 8-45 


4^4 by ^ ... 


... 8-98 


4a^ by % ... 


... 9-61 


4< by ? ... 


... 10-03 


5 by % ... 


... 10-56 


5^4 by % ... 


... 11-09 


5a^ by '^ ... 


... 11-62 


6^ by '^ ... 


... 1215 


6 by%... 


... 12-67 


1 by % ... 


... 2-53 


ia4 by ? ... 


... 3-17 


la^ by \ ... 


... 3-80 


1< by ^ ... 


... 4-44 


2 by ^ ... 


... 5-07 


214 by \ ... 


... 5-70 


2a^ by \ ... 


... 6-33 


2% by % ... 


... 6-97 


3 by ^ ... 


... 7-60 


314 by \ ... 


... 8-24 


3a^ by ^ ... 


... 8-87 


3^ by % ... 


... 9-51 


4 by ^ ... 


... 10-14 


414 by % . . 


... 10-77 


4a2 by % ... 


... 11-41 


4% by % ... 


... 12-04 


5 by ^ ... 


... 12-67 


514 by \ ... 


... 13-31 


51? by % ... 


... 13-94 


b% by % ... 


... 14-57 


6^ by % ... 


... 15-21 


la^byl ... 


... 5-07 


2 by 1 ... 


... 6-76 


3 byl ... 


... 10-14 


4 byl ... 


... 18-52 


5 byl ... 


... 16-90 


6 byl ... 


... 20-28 


7 byl ... 


... 23-66 



Diameter. 


Extra Light. 


Light. 


Hedium. 


Strong. 


Extra Strong. 


Inches. 


9)8. 


ot. 


lbs. 


oz. 


lbs. oz. 


lbs. 


oz. 


lbs. oz. 


^ 


_ 


_ 


._ 


— _ 


3 — 


4 


— 


— — 








3 


__ 


4 — 


5 


— 


6 4 


1 ■ 








5 


__, 


6 8 


7 


8 


8 4 


5 





6 


4 


8 — 


9 


12 


10 8 


1^ 


6 


8 


8 


5 


10 5 


12 


4 . 


— — 


114 


8 


6 


9 


12 


11 — 


12 


8 


14 10 


1? 


9 




13 




15 8 


19 


— 


— — 


'^ 


— . 


— r 




— , 


16 ^ 


20 


— 


— — 





— . 


16 


12 


20 — 


23 


■m^ 


— — . 


^ 


-_ 


._ 


25 




30 -^ 


35 


^^ 


— — 


— 


_ 


30 


.— 


35 ^ 


44 





— — 


4 waste. 


_ 


_ 




,-^ 


45 ^ 


54 


_ 


70 — 


.— 





— 


— 


21 - 


26 


— 


— — 


41^ " 


— 


— 


— 


— 


24 — 


29 


"^ 


\r\fTlr» "~— 










" 
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WEIGHT OP 100 BOLTS OP THE ENUMERATED SIZES, WITH SQUARE HEADS 
• AND NUTS. 



Lengths. 


Diameters. 




















\ in. 


M.in. 


% in. 


'As in. 


K in. 


% in. 


%ln. 


%ilL 


Ins. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


ibi. 


llbt. 


m 


416 


7-59 


10-62 


15-94 


23-87 


39-31 






4-22 


7-87 


11-72 


16-90 


25-06 


41-48 


^ 


^ 


2 


4-75 


8-56 


12-38 


18-25 


26-44 


45-69 


73-62 


„....« 


25^ 


5-34 


9-12 


12-90 


19-38 


28-62 


49-50 


76- 




2g 


5-97 


9-59 


14-69 


20-69 


29-50 


51-25 


79-75 


~...... 


6-50 


10-44 


16-47 


21-60 


31-16 


53- 


83- 




3 


...« 


11-78 


17-88 


22-38 


82-44 


56- 


85-38 


127-25 


SH 





11-81 


18-94 


26-19 


89-75 


6312 


93-44 


140-56 


4 








20-59 


28-87 


42-50 


74-87 


108-12 


148-87 


4^ 







21-69 


29-87 


44-87 


79-62 


11312 


158-76 


6 


...- 




23-62 


32-31 


48-81 


83- 


122- 


167-25 


5^ 







25-81 


34-44 


51-38 


87-88 


128-62 


174-88 


6 







26-87 


36-62 


63-31 


92-38 


131-75 


204-25 


6H 










66-87 


96-88 


139-56 


214-69 


7 










69-12 


99-87 


145-60 


228-44 


7^ 


...« 









61-87 


105-76 


150-88 


235-81 


8 


...M 








64-44 


109-50 


157-12 


239-88 


9 











70-50 


118-12 


169-62 


258-12 


10 


M... 








77- 


128-13 


184- 


276-18 


11 


«i... 








82-88 


136-19 


195-13 


295-69 


12 











86-37 


144-87 


209-76 


811-94 


13 












92- 


155-50 


219-37 


835-81 


14 











97*75 


163-58 


237-50 


851-88 


15 











103-25 


170-75 


249-06 


891-75 



IRON REQUIRED FOR ONE MILE OP TRACK. 

TONS OP IRON. 

Rule. — To find the number of tons of rails to the mile^ divide the weight 
per yard by 7, and multiply by 11. Thus, for 66-pound rail, divide 56 by 7, 
equal 8, multiplied by 11 equal 88 tons^ for one m,ile of single track. 



Weight or Rail per 
Yard. 


Tons 


per mile. 


Weight of Rail per 
Yard. 


Tons per mile. 


Lbs. 


Tons. 


Lb.1. 


Lbs. 


Tons. 


Lbs. 


12 


18 


1,920 


45 


70 


1,600 


'14 


22 




48 


75 


960 


16 


25 


820 


50 


78 


1,280 


18 


28 


fr40 


52 


81 


1,600 


20 


31 


960 


56 


88 




22 


M 


1,280 


57 


89 


1,280 


26 


39 


640 


60 


94 


640 


26 


40 


1,920 


62 


97 


960 


27 


42 


960 


64 


100 


1,280 


28 


44 


\ 


65 


102 


320 


80 


47 


320 


68 


106 


1,920 


83 


51 


1,920 




70 


110 . 




85 


55 






72 


113 


320 


40 


62 


1,920 




76 


119 


960 




SPLICES AND BOLTS POR ONE MILE OP TRACK. 




30 fe 


et of Rail 


requires 740 Splices; 1,408 Bolts and Nuts. 




28 


'• 


754 •• 1,508 " 




27 


•' 


782 " 1,5(>4 •• " 




25 


l( 


" SU •• 1,688 " " 




24 




m 


D 


1,760 

Digitized by 


Google 





WBtGHT OF HAlLtiaAD i 



No. pef ketf «« «. 

aix« In Inchen. ^f f^ j^g, Vo* per Tb. 

n 



^ 



^6 



400 
705 
488 
390 
295 
257 



8-6 

2-66 

4-1 

8-26 

26 

1-97 

1-71 



8lt<ilnIiioheti ^OfSS^ Ncpel^tt: 




860 
289 


?:§ 


218 


i-S 


^P 


?-0T 
1-73 


262 


196 


1-30 



WttiM. 



Multiply by 1*02 for weight of it«ttl ; by 116 for copper ; by 109 for brass. 




Amerioui Wire Gaug#. 


Birmingham "VHre Gauge; 


No. 


Diun-ofWlfeln 


Weight of Iron Wire 
in lbs. per Lineal 


Diam. of Wire in 


Weight Of Iron Wire 




Inohea. 


inches. 


In lbs. per Lineal Foot. 


0000 


•46 


•561 


•454 


•546 


000 


•4096 


•445 


•425 


•479 


00 


•3648 


•353 


•380 


•383 





•3249 


•280 


•340 


*306 


1 


•2893 


•222 


•300 


•238 


2 


•2576 


•176 


•284 


•214 


3 


•2294 


•139 


•259 


•178 


4 


•2043 


•111 


•238 


•150 


5 


•1819 


•0877 


•220 


•128 


6 


•1620 


•0696 


•203 


•109 


7 


•1443 


•0552 


•180 


•0859 


8 


•1285 


•0438 


•165 


•0721 


9 


•1144 


•0347 


•148 


•0580 


10 


•1019 


•0275 • 


•134 


•0476 


11 


•0907 


•0218 


•120 


•0382 


12 


•0808 


•0173 


•109 


•0315 


13 


•0720 


•0187 


•096 


•0239 


14 


•0641 


•0109 


•088 


•0183 


15 


•0571 


•00863 


1 ^072 


•0137 • 


16. 


•0508 


•00684 


! '065 


•0112 


17 


•0452 


•00543 


•058 


•00891 


18 


•0403 


•0O430 


•049 


•00636 


19 


•0859 


•00341 


•042 


•00467 


20 


•0320 


•00271 


•035 


•00325 


21 


•0285 


•00215 


•032 


•00271 


22 


•0253 


•00170 


•028 


•00208 


23 


•0226 


•00135 


•025 


•00166 


24 


•0201 


•00107 


•022 


•00128 


25 


•0179 


•000849 


•020 


•00106 


26 


•0159 


•000673 


•018 


•000859 


27 


•0142 


•000534 


•016 


•000678 


28 


•0126 


•000428 


•014 


•000519 


29 


•0113 


•000336 


•013 


•000448 


30 


•0100 


•000266 


•012 


•000882 


81 


' -0089 


•000211 


•010 


•000265 


32 


•0079 


•000167 


•009 


•000215 


33 


•0071 


•000133 1 


•008 


•000170 


34 


•0063 


•000105 


•007 


•000130 


85 


•0056 


•0000837 


•005 


•0000662 


86 


•0050 1 


•0000662 


•004 -0000444 




' 1 


^ — ■ Dei-feed 


byCj04. 
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TABLE OP THE WEIGHT OP CAST-STEEL, TWELVE INCHES IN LENGTH. 



S^DABK. 



Round. 



15 5K 
17 3>| 



19 
21 
23 



. 25 11>^ 

. 28 2 

. 30 10 

. 33 Z}4 

. 35 15 

. 38 IIM 

. 41 10>i 

. 44 11 

. 48 

. 51 

. 54 8 

. 57 13U 

. 61 6 

. 65 1 

. 68 14 

. 72 12 

. 76 12 

. 80 13 

, 85 

, 89 6 

93 12 

, 98 4 

102 14 

107 8 

112 8 

117 11 

122 7 

132 13 



12 
ISM. 

If": 

I6M. 
19 . 

^: 
i«: 
i^: 



Weight. 

Lbs. Ox. 

143 10 

154 14 

, 166 9 

178 12 

191 4 

204 4 

217 12 

281 7 

245 10 

260 5 

275 6 

290 14 

306 13 

322 14 

340 0. 

357 4 

374 14 

392 15 

411 7 

430 5 

449 11 

469 7 

489 8 

531 4 

574 10 

, 619 10 

666 7 

714 14 

765 

816 14 

870 10 

925 10 

982 10 

1,041 4 

1,101 10 

1,163 10 

1,227 7 

1,292 14 

1,360 

1,429 4 

1,499 7 

1,571 10 

1,645 9 

1,721 4 

1,798 10 

1,877 10 

1,958 6 



Weight. 
Lbs. Oi. 

s ?^ 

6 
OlOK 

\f' 

2 1 

2 11 



1 



6 

7 1 



10 llVa 

12 6>| 

13 15 
15 8 

17 3 

18 15 
20 123^ 
22 12 
24 12 
26 13X 
28 4 
30 2 
32 14 
35 1 
37 10 
40 IK 
42 14 



45 
48 
51 
54 
57 
60 
63 



66 12 
70 2 
73 10 
77 2 
80 12 



84 
88 
, 91 
96 
104 



Diun. 
In. 
6K. 



Pi; 
fl 

9M .. 
§- 

ir :: 

lOJi .. 
10)1 .. 

#:: 
l?'^ :: 

ir-:. 

i^ :: 

22>^ .. 

23 .. 

24 .. 



Weight. 

Lbs. Oz 

. 112 13 

. 121 10 

. 130 13 

. 140 4 

. 150 3 

. 160 6 

. 170 14 

. 181 12 

. 192 15 

. 204 7 

. 216 4 

. 228 7 

, 240 15 

. 253 13 

, 267 

, 280 8 

, 294 6 

308 8 

323 1 

337 15 

353 2 

368 10 

3»4 8 

417 

451 

486 

523 

561 

600 

641 

683 . 

726 14 

771 10 

817 11 

865 1 

913 13 

963 14 

1,015 4 

1,068 O 

1,122 1 

1,177 7 

1,234 4 

1,292 4 

1,851 12 

1,412 7 

1,474 12 

1,538 



WEIGHTS AND SIZES OF CUT-NAII^— COMMON NAILS. 



Name. 


Length 


Namber of 


Name. 


Length 


Nvmber of 


Inches. 


Nails per lb. 


Inches. 


Nails per lb. 


2 penny 


1 


716 


10 penny 


3 


66 


3 " fine. 


1^ 


626 


12 " 


3K 


50 


3 " 


440 


20 " 


4 


32 


4 •• 


in 


800 


30 " 


4^ 




5 '• 


210 


40 " 


5 




6 " 


2 


163 


50 " 


634 




7 " 


ti 


123 


60 " 


6 




8 " 


93 


-- THttfzed-bvV 


SooqI^- 
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WIRE ROPES. 

Wire lopes for colliery use are made of either iron or steel, and are gener- 
ally round. Flat wire ropes are sometimes used, but the round rope Is the 
fevorite for many reasons, and is almost invariably used in American prac- 
tice. Therefore we will confine this portion of our Pocket-Book to round wire 
ropes of iron or steel. 

Taper-ropes are sometimes used, the idea being to produce a rope of uni- 
form strength, that is, to have it less strong and of less diameter at the cage- 
end, where the load is least, and greater in strength and diameter at the drum- 
end, where the load is greatest. The theory is correct, and some weight of 
rope is saved, but practically there is not much advantage, and it is doubtfUl 
whether taper-ropes will ever be used as a general thing at collieries. The 
long-established conviction that the best of all ropes for colliery use is a round 
one made of steel or iron, has never been overcome, and it is safe to say never 
will be. 

Steel ropes are in some respects superior to iron ropes, and are therefore 
gaining in favor every year. The principal advantage is that the rope has a 
greater strength with a less size, consequently there is less weight, and it can 
pass round pulleys and drums with less injury. 

In fastening a rope to a drum there is often a grievous error made. Men 
that will not think of passing a rope round a pulley of too small diameter 
will insert it in the drum-rim in such a way as to make a very sharp curve, and 
make a weak point in the rope that would not otherwise exist. The follow- 
ing cuts show the right and the wrong way of passing the rope through the 
drum-rim. 





Tiie Wrong Waj. . The Right Way. 



The securing of the rope to the drum or the drum-shaft by several coils 
around each is unnecessary. With one coil around either the drum or the 
shaft, a pull of 1 fi). will resist a weight of 9 fts. ; if two coils, a pull of 1 ft>. will 
resist 9 X 9, or 81 ; if three coils. 9 X 9 X 9, or 729, and so on, multiplying the 
former result by 9 for each additional coil. 

In laying out the position of the enrine at a shaft, a distance of 30 yds. from 
the head-sheave to ihe drum will be found to answer best. No rope should be 
subjected to a load greater than the safe working-strain. There is, of course, in 
all cases a wide margin between the breaking-strain and the working-load, and 
on this accoiuit it is supposed that no risk is run by putting on a load consid- 
erably in excess of the maker's safe working-strain. This is a mistake, and 
it is mlse economy. A rope overloaded is unduly strained, and, although 
showing no defect at the moment, it will some day give way without warning. 
Drums and rope-pulleys should have as great diameters aa the engines will 
allow. Ropes should be regularly and properly greased. This can best be 
done with brushes, but brush-greasing takes considerable time. While it pays 
in the long run, it is not always convenient to use. brushes. A fairly good and 
cheap arrangement for greasing ropes is to make a wooden trough, wide at 
top, and small enough at bottom to fit loosely around the rope. Make a mix- 
ture of 1 barrel of coal-tar or pitch-tar to 1 bushel of fresh-slacked lime, and 
boil it welL Then fill the trough with this mixture and run the rope slowly 
through it 

A rope should not be changed from a large drum to a small one, for it will 
not work so well, neither will it last as long. This is also true, but in a 
lesser degree, of ropes changed from a small drum to a large one. After hav- 
ing been used for some time on a drum, the rope adapts itself to that diameter. 
and resents a change. Rope-sheaves should be made to fit the rope, and 
should be filled in with well-seasoned blocks of oak or other hard wood set on 
end. This will save the rope and increase adhesion. 
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To And the iminimniii diameter for a dmni or sheaTe.— Let the ciicmnferened 
of the rope in inches equal the diameter of the drum or sheave in feet. 

To And the maximum diameter for a drum or gheave.— The circumference of 
the rope In inches, multiplied by 2 = the Tnaximnni diameter of drum or 
sheave in fbet 

Wire rope is made With either hemp or wire center. Hemp center ii more 
pliable than wire and will wear better where there are short bends. 



WEIGHT AND STRENGTH OF ROPlfiS. 

C = Circumference of rope in inches. 
L = Working-load of rope in tons. 
S = Breaking-strain ofrope in tons. 
W --= Weight of rope in lbs. per foot. 



v^ 



L = C'»X*; S = C»Xa;; W=«C«y, orW =- hssz, 



Table qf Values of t, z, y, and z. 



Description of Rope. 

Iron wire rope 

Steel wire rope 

Common hemp 

Best hemp 

White Manilla 



k 


X 


7 


•290 


1-80 


•145 


•450 


2-80 


•148 


•032 


•18 


•03 


•108 


•65 




•045 


•27 


•0295 



■48;^ 

•318 
1-00 

•653 



What is the circumference of a steel rope to stand a working-load of ^ 
tons? _ 

C = ^/y or Circumference = ^/- or 8^75 in., or 3% in. 

What is the working-load of an iron wire rope 2 ins. in circumference? 
L = C X * or Load = 2« X "290 = 116. tons. 
What is the breaking-strain of the same rope? 
S = C* X a; or Strain = 2« X 180 = 7-20 tons. 
What is the weight per foot of a steel wire rope 3 in. in circumference ? 
W = C" X y or Weight = 3« X -148 = 1^38+ ft>s. or W = L X 2, or Wei^rht = 
the working-load in tons multiplied by 0*318. 



TABLE OP WORKING-STRENGTH OP ROPES IN TONS. 



dbyGoOgk 
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TABLE OF WEIGHT OP EOPES 


IN LBS. 


PEB FOOT. 




Jlrcam. 


Hemp. 


Wire. 


Ciroom. 


Hemp. 


Wire. 


Inches. 


Cemmon. 


Good. 


Iron. 


Steel. 


Inches. 


Common. 


Good. 


Iron. 


Steel. 


1 


•03 


•04 


•145 


.148 


4\ 


•541 


•723 


2-629 


2-673 


\^ 


•0467 


•0633 


•231 


•236 


4^ 


•608 


•810 


2-936 


2-997 


!> 


•0683 


•09 


•327 


•333 


4^ 


•677 


•903 


3-271 


3-39 


i'^ 


•0916 


•1233 


•443 


•455 


5 


•750 


1^00 


8-625 


3-700 


2 


•12 


•160 


•580 


•593 


5^ 


•908 


121 


4-386 


4-477 


^ 


•152 


•203 


•733 


•751 


6 


108 


1-44 


5-12 


5-328 


^> 


•188 


•250 


•906 


•9267 


6^ 


1-268 


169 


6126 


6-253 


^ 


•227 


•303 


1^096 


1-121 


7 


X^470 


1^96 


7-105 


7-252 


3. 


•270 


•360 


1-305 


1-335 


7^ 


1-688 


2-25 


8156 


8-325 


J> 


•317 


•423 


1-531 


1-567 


8 


1-920 


2-56 


9-280 


9-472 


^ 


•368 


•490 


1776 


1-816 


8^ 


2-175 


2^89 


10-476 


10-693 


•t^ 


•421 


•563 


2-038 


2-087 


9 


2^430 


3^24 


11-745 


11-988 


4 


•480 


•640 


2-320 


2-373 


10 


800 


400 


14-5 


14-8 



NoTE.--The8e weights are calculated for wire ropes with wire center. 
Ropes with hemp center weigh about lOjt less. 

WIRE-ROPE SPLICING AND FASTENING. 

The snllcing of wire rojies In a flrg^class manner, has always been a source 
of trouble to coUiery officials. The following directions for doing this work 
are by Messrs. T E. Hughes of Soranton, Pa., and J. B. Stone, oT Worcester, 
Mass., who johitty spent several months In preparing the paper, so as to have 
it in plain and concise terms. *^ 



The tools required will be a small marlin-spike, nipping cutters, and either 
clamps or a small hemp-rope sling with which to wrap around and untwist 
the rope. If a bench-vise is accessible, it will be found very convenient for 
holding the rope. ' 

In splicing rope, a certain len 
allowance ot not less tha ' " * 
for larger sizes, must be l 

Having measured, care- 
fully, the length the rope 
should be after splicin|^, and nai— iMimffi 



snouia he aiier splicing, and 

marked the pouits Ja and 

3r, Mg. 1, you unlay the 

strands from each end E Fig. i. 

and j^ to Jf and if and 




cut ofif the center at if and if, and then : 

First. Interlock the six unlaid strands of each end alternately and draw 
them together so that the points if and if' meet as shown in Fig. 2. 

Second. Unlay a strand 
from one end, and following 
the unlay closely, lay into 
the seam or groove it opens, 
thestrand omx)site it belong- 
ing to the other end of the 
rope, until within a length 
equal to three or four times 

the length of one lay of the pig. 2. 

rope, and cut the other 
strand to about the same length from the point of meeting, as shown at A, 

TWilrd. Unlay the adjacent strand in the opposite direction, and following 
the unlay closely, lay in its place the corresponding opposite strand, cutting 
the ends as descrilDea before at B, Fig. 8. ' 

You have now four strands laid in p^ace terminating at A and B, with the 
eight remaining at MM', as shown in Fig. 3. 

It will be well after laying each pair of strftn<^ to tie them temporarily at 

Uie points 4 »n4 it,' Digitized by LmOC 
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Pig. 4. 



Pursue the same course with the remaining four pairs of opposite strands, 
stopping each pair about 
eignt or ten turns of the 
rope short of the preceding 
pair, and cutting the ends 
as before. 

You now have all the 
strands laid in their proper 
places with their resiiective 
ends passing each other, as 
shown in Fig. 4. 

All methods of rope-splicing are identical to this point ; their variety con- 
sists in the method of tuck- 
ine: the ends. The one given 
below is the one most gener- 
ally practiced. 

It now remains to secure 
the ends. Clamp the rope 
either in a vise at a point 
to the left of A. Pig. 4, 
and by a hand-clamp applied near A, open up the rope by nntwisting 
sufficiently to cut the core at A, and seizing it with the nippers, let your 
assistant draw it out slowly, you following it closelv, crowding the strand in 
its place until it is all laid in. Cut the core where the strand ends, and 
push the end back into its place. Remove the clamps and let the rope close 
together around it. Draw out the core in the opposite direction and lay 
the other strand in the center of the rope, in the same manner. Repeat the 
operation at the five remaining points, and hammer the rope lightly at the 
points where the ends pass each other At A, A, B, B, Jic, with small wooden 
mallets, and the splice is complete, as shown in Fig, 5. 

If a clamp and vise are 
not obtainable, two rope 
slings and short wooden 
levers may be used to un- 
twist and open up the rope. yjg. 5. 

A rope spliced as above 
will be nearly as strong as the original rope, and smooth evenrwhere. After 
running a few days, the splice, if well maae, cannot be pointed out except by 
the close examination of an expert. 




Fig. 6. 



WIRE-ROPE FASTENINGS. 

Thimble spliced in, ordinary style, is shown in Fig. 6. In this method, the 
wires, after being frayed out at the end and 
the rope bent around the thimble, are 
laid snugly about the main portion of the 
rope and securely fisistened by wrapping with 
stout wire ; the extreme ends which project 
below this wrapping being folded back, as 
shown at a. 

Another style of thimble-splicing is shown 
in Fig. 7. In this case the strands are inter- 
locked as in splicing, and the joint is 
wrapped with wire as in the former method. 
The socket-fastening is shown in Fig. 9. 
The hole in which the rope-end is fastened 
is conical in shape. The rope is generallv 
secured by fraying out the wires at the end, 
the interstices being filled up with spikes 
driven in tightly. The whole is finally 
cemented by pouring in molten Babbit 
metal. This makes a much neater fastening 
than either of those shown in Figs. 6 and 7, 
but it does not possess anything like as 
much strength. But thimbles possess a seri- 
ous disadvantage. The thimble is usually made of a piece of curved metal 
bent around into an oval shape as shown in Figs. 6 and 7, with the groove, 
in which the rope lies, outside ; the ends coming together in a sharp point at 
X, When weight is placed on the rope, the strain on th^> thimble is apt tQ 




Flg.T. 



Fig. 8. 
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cause one end to wedge itself beyond or past the other, and with its shaip 
edge it cuts the strands in the splice. Mr. William Hewitt, of Trenton, N. J., 
while testing the strength of wire rojies, recently, discovered this tendency, 
and experimented with sockets Mrith the idea of devising some method of 
fastening the rope securely in the socket. He found that by adopting the 
following plan he secured good results : 

The wires, after being frayed out at the end, were bent upon themselves in 
hook-fashion, the prongs of some being longer than others, so that the bunch 
would conform to the conical aperture of the socket, and the melted Babbit 
metal was finally run in as usual. The rope was subjeoted to a strain of 
over 129,000 lbs., and the wires in the socket were unaflfbcted. The simplicity 
of this method commends itself to practical men« 



CHAINS. 



The links of iron chains are usually made as short as is consistent with esBy 
play, so as to make them less liable to kink, and also to prevent bending when 
wound around drums, sheaves, etc. 

The strength of chains varies, owing to the nature of the iron from which 
they are made, and their mechanical construction. The following table is 
approximately correct for ordinary iron chains. 

TABLE OF WEIGHT AND STBENOTH OF CHAINS. 



Diameter' 
of Bod of 
which the 
LinlM are 
Made. 






Weight o^ 




Chain per 


Worklng- 


Rnnning 


Streogth. 


Foot. 




Lbs. 


Tons. 


•325 


•19 


•579 


•36 


•904 


•45 


1-80 


•85 


1-78 


1-09 


2-31 


1-43 


2-93 


1-80 


8-62 


2-23 


4-38 


2-70 


5-21 


3^21 


611 


3-80 


7-10 


4-40 


814 


6-00 



Brealdng- 
Strain. 



Ton.-*. 
•773 

1-37 

214 

309 

420 

5-50 

6-96 

8-58 

10-39 

12-36 

14-42 

16-80 

19-32 



I)iamcter 
of Rod of 
which the 
Links are 
Made. 



Weight of 




Chain per 


Working- 


• Running 


Strength. 


Foot. 




Lba. 


Tons. 


9-26 


571 


11-7 


7-23 


14-5 


9-00 


17-5 


10-80 


20-8 


13-00 


24-4 


15-24 


28-4 


17-65 


32-6 


20-27 


37-0 


2310 



Breaking* 
Strain. 



Ton«. 
22-00 
26-44 
32-64 
39-42 
47-60 
56-U 
63-97 
78-44 
83-55 



Chains of warranted superior iron will stand 25j( more strain before 
breaking. 



ELEMENTS OP MECHANICS. 



In this department we propose to treat only of the elements of machinexv. 
All machinery, however complicated, is merely a combination of the sue 
elementary forms, viz.: the lever, the wheel and axle, the inclined plane, the 
wedge, and the pulley ; and these six can be still further reduced to the lever 
and the inclined plane. They are termed powers, but they do not produce 
force ; they are only methods of applying and directing it. 

The law of idl mechanics is : 

The power multiplied by the distance through which U moves, is 
equal to the weight multiplied by ihJb distance through which it moves. 

Thus, 20 lbs. of power moving through 5 ft. = 100 Bw. of weight moving 
through 1 ft. 

LEVERS. 

There are three classes of levers. They are : I. Power at one end, weight at 
the other, and fUlcrum between ; II. Power at one end, ftil crura at the other, 
and weight between ; lU. Weight at one end, fUlcrum at the other, and power 
^tweeu, 
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The handle of a blacksmith's bellows is a lever of the first class. The hand 
is the power and the bellows the weight, with the pivot between as thfe ful- 
crum. An oar is a lever of the second class. The hand is the power, the boat 
the weight, and the water the Morum. The treadle of a sewing-machine is 
a lever of the third class. The foot is the power, the hinge at the back of the 
foot is the ftilcrum, and the moving of the machinery is the weight. 

The lever is in equilibrium when the arms balance each other. The distance 
through which the power and the weight move depends upon the compara- 
tive length of the arms. Let Pd represent power's distance nom the fUlcrum 
(F,) and Wd weight's distance ; then if Pd is twice Wd, the power will move 
twice as fiur as the weight. Substituting these terms in the law of mechanics, 
we have 

P X Pd = W X Wd, or Pd : Wd :: W : P. 

In first and second-class levers as ordinarily used, we gain power and lose 
time ; in the third-class we lose power and gain time. 

Practical Example.— Having a weight of 2,000 lbs. to lift-with a lever, the 
short end of which is 2 ft. firom the ftQcrum and the long end 10 ft., how much 
power will be required ? 

, or 10: 2 :: 2,000:400016. 

O C 



G 




Pd : Wd :: W : P, 

The eompoond lever consists of 
several levers so constructed that 
the short arm of the fiist acts on 
the long arm of the second, and 
so on to the last. 

If the distance ftom A to the 
Ailcrum be four times the dis- Componnd Lever, 

tance from the fhlcrum to B, then a power of 5 lbs. at A will lift 20 lbs. at B. 
If the arms of the second lever are of the same comparative lenffth, the 20 Ibe. 
power obtained at B will exert a pressure of 80 lbs. on E ; and, if the third 
lever has the same comparative lengths, this 80 lbs. at E will lift; 820 lbs at G. 
Thus a power of 5 ibs. at A will balance a weight of 320 lbs. at Q. But, in 
order to raise the weight one foot, the power must pass through aj«, or 64 feet. 

The wheel and axle is a modification of the lever. The ordinary windlass is 
a common form. The power is applied to the handle, the bucket is the 
weight, and the axis of the windlass is the ftilcrum. 
The long arm of the handle is the lever, and the 
short arm is the semi-diameter of the axle. Thus, O 
is the fiilcrum, O A the long arm, and O B the short 
arm. The wheel and axle has the advantage that it 
is a kind of perpetual lever. We are not obliged to 
prop up the weight and readjust the lever, but both 
arras work continuously. 

By turning the handle or wheel around once, the 
rope will be wound once around the axle, and the 
weight will be lifted that distance. Applying the 
law of mechanics, we have power X the circumfer- 
ence of the wheel = the weight X circumference of 
the axle ; or, as the circumference of circles are pro- 
portional to theiOadii, we have 

P : W :: radius of the axle : radius of the wheel. 

Wheelwork consists of a series of wheels 
and axles which act upon each other on the 
principle of a compound lever. The cogs on 
the circumference of the wheel are termed 
teeth, on the axle leaves, and the axle itself a 
vinion. If the radius of the wheel F is 12 
Inches, and that of the pinion 2 inches, then 
a power of 1 lb. will apply a force of 6 lbs. to 
the second wheel E. If the radius of this is 
also 12 inches, then the second wheel will 
apply a force of 36 lbs. to the third Wheel. 
This, acting on its axle, will balance a W of 
216 lbs. In order, however, to lift this 
amount, according to the principle alreadv 
named, the weight will only pass through 

^ of the distance of the power. Thus, power is gained and speed lost. To 
reverse this we apply power to the axle, ftnd, with a rorrespondingly heavy 
power, gain speed. r^^ ^ ^ ^'^^f 

Digitized by VjOC 
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The iii«lin«d ploe.— The principle of the inclined plane is that we gain 
power and lose time. Witn an in- 
clined plane a certain load can be 
raised to any perpendicular heieht 
with less power than it can be lifted 
vertically. In the annexed cut we 
see that the power must descend a 
distance equal to A C in order to ele- 
yate the weight to the height B C. 
Applying the law of mechanics, we 
have P X length of the inclined plane ^* *• 

= W X the height of the inclined plane, or P : W :: height of inclined plane 
: length of inclined plane, or P = W X the sine of angle of inclination. 

Ta find the weight reooired to balance any weight on any inelined pUae.-* 
Multiply the given weight by the sine of the angle of inclination. 

Thus, to find the weignt required to balance a loaded car weighing 2,000 lbs. 
on a plane pitching 18°, we multiply 2,000 by the sme of 18°, or 2,000 X 
•8090170 = 618034 lbs. 

Or, if the length of the plane and the vertical height is given, multiply the 
load by the quotient of the vertical height divided by the length. 

Thus, if your plane is 300 ft. long and rises 927 ft., and the load is 2,000 lbs,, 

the formula is as foUows:— 2,000 X ^~ = 618+. 
800 

These rules are theoretically correct, but in practice, allowance must be 
made for fHction. 

To find the horse-power reqnired to hoist the same load np the samii nlane 
in a given time, say one minnte. the role is.— Add to the weight of the load, 
the weight of the rope, divide the sum by 88.000 (or the number of pounds 1 
horse-power will raise 1 ft. high in 1 minute), and multiply the quotient by 
the vertical height to be overcome. 

Thus, assuming that the rope will weigh 500 !bs., the load at starting be- 
comes 2,600 IbB. Then ^ qqq X 92*7 = 7+ hoise-power. 

To this should be added' about 80^ for contingencies, friction, etc. 

The screw consists of an inclined plane wound around a cylinder. The 
inclined plane forms the thread, and the cylinder the body. It works in a 
nut which is fitted with reverse threads to move on the thread of the screw. 
The nut may run on the screw, or the screw in the nut. The power may be 
applied to either as desired bv means of a wrench or a lever. 

When the power is applied at the end of a lever, it describes a circle of 
which the lever is the radius. The distance through which the power passes, 
is the circumference of the circle ; and the height to which the weight is 
lifted at each revolution of the screw, is the distance between two of the 
threads. Applying the law of mechanics, we have P X circumference of 
circle = W X intervals between the threads, or 

P : W :: interval : circumference.' 

The power of the screw may be increased by lengthening the lever or by 
diminishing the distance between the threads. 

The wedge usually consists of two inclined planes placed back to back. In 
theory the same formula applies to the wedge as to the inclined plane, viz. • 

P : W :: thickness of wedge : length of wedge. 

In practice, however, this by no means accounts for its 
prodigious power. Friction, in the other mechanical powers, 
materially diminishes their efficiency ; in this it is essential, 
since, without it, after each blow the wedge would fly back 
and the whole efitot be lost. Again, in the others, the power 
is applied as a steady force ; in this it is a sudden blow and is 
equal to the momentum of the hammer. 

The pulley is simply another form of the lever which 
turns fifbout a fixed axis or ftilcrum. It consists of a wheel, 
within the grooved edge of which runs a cord. Force may 
be transmitted fh>m one point to another either by pushing 
with a rigid bar, or by pulUne with a flexible cord. The 
advantage of the latter method is that the direction of the 
force may be changed. This is accomplished by a single 
fixed pulley, as shown in Fig. 5. Here there can be no rain yj., ^ 

pf pow?r or spe^, ^ the hand F mwst puu 4own as much »S"ooQle 
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the weight W, and hoth move with the same velocity, 
of the first class with equal arms. 



It is^mply a lever 



Movable pulley.— A fOTm of the single pulley, where it 
moves with the weight, is shown in Fig. C. In this one-half 
of the barrel is sustained by the hook, wnile the hand lifts the 
other. Since the power is only one-naif the weight, it must 
move through twice the space ; in other words, by taking 
twice the time, we can lift twice as much. Here power is 
gained and4ime lost. 



Combination of pulleys.— (1) In. Fig. 7 we have the W sustained by three 
cords, each of which is stretched by a tension equal to the P, hence 1 lb. of 
IX)wer will balance 3 lbs. of weight. (2) In Fig. 8, the power will in the same 
manner sustain a W of 4 lbs., and must descend 4 inches to raise the W one 
inch. (3) In the cord marked 1, 1 (Fig. 9), each part ha^ a tension equal to 
P ; and in the cord marked 2, 2, each part has a tension equal to 2 P, and so 
on with the other cords. The sum of the tensions acting on W is 16, hence W 
= 16 P. 





Pig. 7. 



Pig. 8. 



Pig. 9. 



Pig. 10. 



Fig. 10 represents the ordinary "tackle block " used by mechanics. 

In all combinations of pulleys, nearly one-half the effective force is lost by 
ftiction. In most of the forms in use, the W is equal to the P multiplied by 
twice the number of movable pulleys. 

Note.— In the foregoing formulae, etc., fWction is not considered, the idea 
being to give readers an elementary knowledge of the principles of the ele- 
ments of mechanics. 



FRICTION. 

Friction is the resistance caused by the surface over which a bodv moves. 
It is of two kinds, sliding and rolling. If the surface of a body could "be made 
perfectly smooth there would be no friction ; but, in spite of the most exact 
polish, the microscope reveals minute projections and cavities. We fill these 
with oil or grease, and thus diminish friction. Friction, bet\veen diflferent 
bodies, varies curiously. 

Since no surface can be made i)erfectly smooth, some separation of the two 
bodies must, in all cases, take place iu order to clear such projectiojis as ^xist 
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on the surfiEices. Therefore friction Is alwa3r8 more or less afiteted by the 
amount of the perpendicular pressure which tends to keep them together. 

The ultimate friction is the greatest frictional resistance that a body sliding 
over the other is capable of opposing to any sliding force when at rest. 

The proportion which the ultimate friction in a given case bears to the per- 
pendicular pressure is called the eoefficieni of friction. The coelBftcient of fric- 
tion is usually expressed in decimals ; but sometimes, as in the case of cars 
and engines, it is expressed in pounds (of friction) per ton. 

The coefficient of friction equals the ultimate mcUon divided by the per- 
pendicular pressure, and the ultimate friction equals the perpendicular pres- ' 
sure multiplied by the coefficient of friction. 

Thus, if we have a block weighing 100 lbs. standing on another block, and 
it takes 85 lbs. pressure to slide it, then the coefficient of friction = ^, or -35. 

TABLE OP CX>BPPICIENT8 OF FBICTION OF SMOOTH, CLEAN, AND DRY PLANE 
SURFACES. 



Materials. 


CoefflcienU of Friction. 


Oak on oak 


'40 


Wroueht-iron on oak 


•62 


Wrought-iron on oast-iron ~ 

WTonarht-iron on wrouirht-iron 


•19 
•14 


Wrought-iron on brass 


•17 


('Afit-iron on cast-iron. 


•15 


Cast-iron on brass. 


•16 


Steel on cast-iron 


•20 


Steel on steel 


•14 


Steel on brass 


•16 


Rraas on cast-iron. 


•22 


Brass on wrousrht-iron , 


•16 


Brass on brass 


•20 







The above coefficients are only approximate, for the coefficient will vary 
with the intensity of the pressure ana the velocity ; and also with the con- 
ditions of the atmosphere. But they are correct enough for practical purposes. 

The friction of liquids moving in contact with solid homes is independent 
of the pressure because the forcing of the particles of the fluid over the pro- 
jections on the Bur&ce of the solid body is aided by the pressure of the sur- 
rounding particles of the liquid which tend to occupy the places of these 
forced over. Therefore the coefficients of friction ot liquids over solids do 
not correspond with those of solids over solids. The resistance is directly as 
the area of surface or contact. 

TABLE OP COEFFICIENTS OP FRICTION OF SMOOTH PLANE SURFACES, PERFECTLY 
LUBRICATED WITH TALLOW. 



Substauccii. 



Oak on oak 

Oak on cast-Iron 

Oak on wrought-iron 

Wrought-iron on oak 

Wrought-iron on cast-iron , 

Wrought-iron on wrought-iron . 

Wrought-iron on brass 

Cast-iron on oak 

Cast-iron on cast-iron^ 

Cast-iron on brass 

Brass on cast-iron 

Brass on wrought-iron 

Steel on cast-iron 

Steel on wrought-iron 

Steel on brass 



Coefflcient of Friction. 



079 
080 
098 
085 
108 
082 
103 
•078 
100 
108 
086 
08X 
105 



r- '^1 
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COEFFICIENTS OF FRICTION IN AXLES. 


Axle. 


1 Be«liig. 


Ordinary Labiie»tlon. 




Bell-metal 

Cast-iron 

Wrought-iron.. 
Wrought-iron. 
Cast-iron ... — 

Cast-iron 

Wrought-iron. 


.'Bell-metal 

. Bell-metal 

Bell-metal 


•097 

•07 • 

•07 

•07 

•07 

•10 

•12 


•049 
•05 


Cast-iron 


•05 


. Cast-iron 

. Lignumyitee 

.iLignumvitSB 


•06 



Friction naturally varies with the character of the surfaces, luhricatioii, and 
the nature of the luhricant. The best lubricants for the purposes should 
always be used, and the supply should be regular. When machinery is well 
lubricated, the lubricant keeps the surfiaces apart, and the frictional resistance 
becomes very small, or about the same as the friction of liquids. 

FBICnONAL BESISTANCB OF SHAFTING. 

Let K = Coeflacient of friction. 

Let W = Work absorbed in foot-ttw. 

Let P = Weight of shafting and pulleys + the resultant stress of belts. 

Let H = Horse-power absorbed. 

liCtD =» Diameter of journal in inches. 

Let R = Number of revolutions per minute. 

Then: 

ORDINARY OIUNO. CONTINUOUS OIUNG. 

W = 0182 X P X D ; -0112 X P X D. 

H = 000000556XPXDXR; •000000339 X P X D X R. 

K = -066 ; •044. 

As a rough approximation, 100 feet of shafting, 3 inches diameter, making 
120 revolutions per minute, requires 1 horse-power. 



COLLIERY MANAGEMENT. 

PROSPECTING. 

The iHTOspector should have a good general knowledge of the coal-beaiing 
stanta, and should be a very observant man. He should know the nature of 
the rocu of the carboniferous era, and should know, from the nature of the 
ledges exposed, whether to expect to find coal or not, without much other 
searching. 

The coal was formed during what is geologically known as the carbonifer- 
ous period, and is therefore only found interstratified with the rocks of that 
age. These rocks ar6 sandstones, shales, conglomerates, and occasionally 
limestones ; and they aro so similar to the rocks of the Devonian and Silurian 
ages (both older formations) that tbey cannot be distinguished except by the 
fossils. For a description of these fossils, the reader, not fiamiliar with them, 
must consult some elementary geology ; for such a description of them as 
would be necessary to familiarize him with their various forms and api)ear- 
ances would take up too much space in a volume such as this. 

Therefore, assuming that the reader has either a practical acquaintance of 
coal geology or has a theoretical knowledge of it, we will pass on to the prac- 
tical work of prospecting. When the presence of coal is suspected in a tract 
of land, a thorough examination of the surface and a study of the exposed 
rocks, in place, may result in the immediate discovery of coal, or in positive 
proof of its absence ; or it may result in still fhrther increasing the doubt or 
the belief that it does exists The first procedure in prospecting a tract of land 
is to thoroughly traverse it, and note carefhlly any traces of smut, and all 
outcrops of every description, and whenever possible take the dip, and the 
course of the crop, with a pocketK^ompass. These outcrops are frequently 
more readily found along roads or streams than any place else on the tract. 
In traveling along the streams the prospector should pay particular attention 
to its bed and banks to see whether there are any small particles of coal in the 
'^<)4 of ^he 9tr^m, or any mm% exposed ^lon^ the w^he4 b^nks, Jf smftU 



pieced ot coal are found in the stream a search up it and its tributaries will 
show where the crop from which the find came, is located. When the ravines 
and valleys are so filled with Wash that no exposures are Visible, and nothing 
Is gained by a ca)fef\il examination of them, the prospector must rely on top^ 
ographical features to guide him. In tliis connection th« followmg from 
Iceport A Ct Pennfylvania Geological Survey, by H. M. Chance, i» perhaps as 
complete a guide as has been written : " The topogfaphical features which 
denote the presence of a bituminous coal-seam are easily reoagniaed by any 
one familiar with the peculiarities of coal-measure topography. The most 
prominent of these is the bench or terrace which almost invariably occurs at 
the outcrop. The soft coal-seams, encased in harder rocks, are easily and 
rapidly eroded, and produce, by their rapid disintegration, a series of benches 
following their lines of outcrop. But, as every hard stratum will also pro- 
duce a terrace of some kind, it is necessary to have some means of distlngiush- 
ing a coal-terrace firom a bench marking the outcrop of some other stratum, 
lu the bituminous coal-regions, where the seams lie in the hills, with very 
slight, almost imperceptible dips, the site of a coal-bed is nearly always 
inaicated by springs loaded with iron, which is deposited in ochery films 
upon the stones and vegetable matter over which the water flows. In the 
Anthracite regions the beds, being highly inclined, rarely furnish such an 
indication of their presence, except in the sharply-cut gaps and ravines 
eroded across the hills in which the coal occurs. 

'* The anthracite coal-terrace is often a well-marked topographical feature, 
but in many localities the site of the outcrop is not marked by any distinct 
bench or terrace, and surface examinations fail to disclose any important 
features. In tracing a coal-terrace the breadth is always affected by— 

1. The thickness of the seam. 

2, The dip of the bed. 

. 3. The Flope of the ground. 

" When the bed dips into the hill, the terrace is broader than when the pitch 
is in an opposite direction, and when the surface slope is gentle, the terrace is 
generally broader than where a steep contour prevails. 

'• A good conception of the direction and strength of dip maybe obtained by 
tracing a teirace for some distance and carefully noting its deflections from a 
straight line, and the relations of these to the contour of the ground. If the 
variation occasioned by a depression is toward the foot of the hill, the coal 
dips in the same direction with the slope of the ground, but if it runs in 
towards the top of the hill the reverse is true." 

The terrace, or bench, having been determined, the next procedure is to dis- 
cover on it some trace of coal. This trace may be found in the soil adhering 
to the roots of an overturned tree, or in the earth turned up at some animal's 
burrow. 

When the presence of coal is thus detected, or if the indications otherwise 
axe favorable, trial-trenches or shafts may be commenced. These trenches 
or shafts should be started a little below the supposed location of the crop, 
and should be driven towards the pitch at a depth of from five to ten feet. If 
no trace of coal is found in the first trench or shaft, it is not evidence of no 
coal, for the wash at this point may be too deep, or the trench may be too far 
down the hill. The next trial should be made some distance along the ter- 
race, from the first, and the same rule be followed till the prospector is either 
satisfied by a number of trenches or shaftings, that there is no coal there, or 
until he strikes small fragments of coal or a well-defined smut. When this is 
found the trench must be extended up hill until it is traced to the bed from 
which it comes. In flat seams it is ad viewable to start a shaft a few feet above 
where the outcrop is supposed to be, ana sink through the seam to the bottom. 

It is seldom that such experiments fail in determining whether there is coal 
in the tract, for if careful examinations are made unmistakable evidences of 
its presence will be found. 

As the crop is frequently wider than the seam, to determine its true thick- 
ness the shaft or trench, or a heading from it, should be continued in the solid 
coal till the top and bottom of the vein are both exposed and shown to be 
parallel with each other, when the true thickness may be measured. When 
the seam has a heavy dip, and crops on the side of a steep hill, a trial tunnel 
will be fotmd superior to shafting. 

These general principles will also be found useful in prospecting for any 
stratified mineral deposits, if slightly modified to suit the circumstances 
^icountered, and they can, in many instances, be applied to the exploration 
of metalliferous deposits occurring in veins or fissures in metamorphic or 
igzu9ous rocks. ^ t 

Digitized by VjOOQ IC 
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PBOSPBCTINO BY BOBE-HOLIS. 

For the more extensile Investigation of the coal-depoeit in a tract, proepect- 
ine with either the diamond or jumper drill is resorted to. The Diamond 
diill is preferred in most instances, for with it,e core is obtained that shows 
the nature of the material passed through, and also gives a general idea of the 
dip of the measures. The Jumper drill is only the system of hammer and 
jumper drilling, elaborated ana worked by steam-power. It is done by the 
drill-rigs, same as used in the oil-regions for drilling oil-wells, and which are 
ao familiar now, that a description of them is unnecessary. These drills do 
not furnish a core, but the experienced driller can tell from the action of his 
drill when he is passing from one stratum to another, and the sand-pump 
soon famishes the sediment that determines its character ; but it is impossi- 
ble to secure as good results with this method as with the Diamond drill. 
.The jumper or chum drill has, however, other uses in the development and 
working of coal, wherein it is both superior and cheaper than the Diamond 
drill. Diamond drills are built for both steam and hand-power, and where 
the hole is to be less than 300 ft. in depth, the hand-drill will be found 
cheaper, though slower in operation tiian the steam-drill. 

Those who are prospecting for coal often have difficulty in determining 
the character or class of the coal found ; and the following may prove of 
some service to those engaged in such work. 

CLASSIFICATION OP COALS. 

GoeAs may be broadly (Hvided into two classes : Anthracite or Hard Coal, 
and Bituminous or Son; Coal. 

Anthracite or Hard Cba/.— Specific gravity, 1-30-1 70. This is the densest, 
hardest, and most lustrous of all varieties. It bums with little flame apd no 
smoke, but gives a great heat. Contains very little volatile combustible mat- 
ter. Color, deep black, shining ; sometimes iridescent. Fracture, conchoidal. 

Semi-AnthraeiJte Coal is not so dense nor so hard as- the tme Anthracite. 
Its percentage of volatile combustible matter is somewhat greater, and it 
ignites more readily. 

Bituminous or Soft Cbote.— Specific gravity, 1-25-1-40. They are generally 
brittle ; have a bright pitchy or greasy lustre and are rather fragile as com- 
pared with Anthracite. They bum with a yellow smoky flame and gtve 
on distillation hydrocarbon oils or tar. 

Under the term Bituminous are included a number of varieties of coal 
which difffer materially under the action of heat, giving rise to the general 
classification : Coking or caking coals, and free-burning coals. 

Coking Coals are those which become pastv or semi-viscid in the fire ; and 
when heated in a close vessel become partially fused and agglomerate into a 
mass of coherent coke. This property of coking may, however, become 
greatly impaired, if indeed not entirely destroyed, by weathering. 

Free-Burning Ooali have the same general chamcteristics as the coking- 
coals, but they burn freely without softening, and they do not ftise or cake 
together in any sensible degree. 

Splint Coal has a dull black color and is much harder and less frangible 
than the cokine-coal. It is readily fissile like slate ; but breaks with diffi- 
culty on cross fracture. Ignites less readily, but makes a hot fire— constitu- 
ting a good house coal. 

Cannel Coal difffers from the ordinary Bituminous coal in its texture. It is 
compact, with little or no lustre, and without any appearance of a banded 
stracture. It breaks with a smooth conchoidal fracture ; kindles readily, and 
burns with a dense smoky flame. It is rich in volatile matter and makes an 
excellent gas-coal. Color dull black and greyish-black. 

Lignite or Brown Coal often has a lamellar or woody stmct^ire ; is some- 
times pitch-black, but more often rather dull and brownish-black. It kindles 
readily and bums rather freely with a yellow flame and comparatively little 
smoke ; but it gives only a moderate heat. It is generally non-coking. The 
percentage of moisture present is invariably high— from 10 to SOjf. 

Semi-Bituminou8 CocU nas the same general chamcteristics as the Bitumin- 
ous, although it is usually not so hard and its fracture is more cuboidal. 
The percentage of volatile combustible matter is less. It kindles reiidily, 
and burns quickly with a steady fire ; and is much valued as a steam-coal. 

The sub-divisions given above are entirely arbitrary, as the diflferent vari- 
eties of coal are found to shade insensibly into each other. The following, 
however, may be considered as a convenient classification : 

Anthracite, with volatile combustible matter 2-5 to Cjf. 

Semi- Anthracite, with volatile combustible matter 7 to 10 jf. 

Semi-Bituminous, with volatile combustible matter. 12 to 20 ^. 

Bituminous, with volatile combustible matter over 20 jt. 
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THB COMPOSITION OF COALS. 

A tm>3lmate analysiB determines the proportion of those products of a coal 
haymg the most important bearing upon its uses. These substances aH 
usually presented are : 

Moisture, or water. 

Volatile combustible matter. 

fixed carbon. 

Sulphur. 

In addition to these, the following physical properties are generally given : 
C!olor of ash. 
Specific gravity. 
Strength or hardness. 

The determination of these eight factors gives a fiiir general idea of the 
adaptabilities of a coal. 

Moisture, or water in coal, has no fhei>value, is an inert constituent, dug. 
handled, and hauled and finally expelled at a cost of Aiel. Every per cent, 
of moisture means 20 lbs. less ftiel for each ton of coal. 

VdlaiUe OombuttSble Matter is an important constituent of coal, the amount 
and quality deciding whether a coal is suitable for the manufiEUSture of illu- 
minattng-gas. The coking of coal also is largely dependent upon this constit- 
uent. When a large percentage of volatile combustible matter is present, coals 
ignite easily and burn with along yellow flame, and in ordinary combustion 
give out dense smoke, and form soot This quality makes a fUel objection- 
able for railway and sometimes for naval use. 

The fixed Carbon is the principal combustible constituent in coal, and in 
bituminous and semi-bituminous coals the steaming value is in proportion to 
the percentage of fixed carbon. Though the fixed carbon of a coal evapo- 
rates much less water than an equivalent weight of the volatile combustible 
matter when properly burnt, in practice, so much of the latter is lost through 
careless firing, or improper mmace construction, that the relative steaming 
value of a coal may be fairly approximated by assuming the carbon to be the 
only useftil constituent. 

Sti^hur will bum and develop heat, and is not inert like moisture and 
ash. But it corrodes grates and boilers, in the blast-furnace injures iron, and 
produces a hot short pig, and is objectionable in coal for forge use. In gas- 
making the sulphur must be removed. It usually occurs in coal in the form 
of iron pyrit^ which oxidizing causes disintegration, and sometimes sponta- 
neous combustion. It is then an element of danger and loss. 

Ash is an inert constituent, which means 20 lbs. of weight to be handled and 
20 lbs. loss per ton of coal, for each per cent, present. Water in coal is 
removed at the cost of ftiel, while ashes are removed at extra coit of labor. 
It is estimated that if the cost of stoki ng coal is ^ per cent, of the cost of coal 
(coal atSS.OOper ton, and labor at Sl.uO per day), and with cost of handling 
ashee double that of stoking coal, 5 per cent, of ash will lessen the fuel-value 
of coal over 6 per cent. ; 10 per cent, ash, over 12 per cent., and so on. 

The CoUyr of the Ash ftimishes a rough estimate of the amount of iron con- 
tained in a fuel. Iron in an ash makes it more fusible, and increases its 
tendency to clinker. In domestic consumption where the temperature is 
low, the quantity of ash is of more importance than its fhsibility, but, for 
steam purposes, where an excessive heat is required, ashes of a cunkerin^ 
coal will fuse into a vitreous mass and accumulate upon the grate-bars ana 
exclude the passage of necessary air. The practicability of employing a coal 
will often be determined by the quality of the dinkering of the ashes. 
Under such conditions such coals are best the ashes of which are nearly pure 
white and which contain little or no alkali nor any lime, and do not contain 
silica and alumina. 

The Specific Gravity is an important &ctor when there is restriction of space, 
as on railway cars and in ship-bunkers. A given bulk of anthracite coal will 
weigh from 10 to 15 per cent, more than the same bulk of bituminous coal, so 
that firom 10 to 15 per cent, more pounds of fuel can be carried in the same 
place. 

The average specific gravity of anthracite coal 1b 1*5, and a cubic yard 
weighs about 2,581 a>s. « 

The average specific gravity of American bituminous coals, and of grades 
intermediate between them and anthracite, is about 1.S25, and one cubic 
yard weighs about 2,236 lbs. 

Strenath or Hardneu is valuable in preventing waste. In soft coal much is 
giouna to dust in mining and at the tipple. In railway transportation soft 
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coal is cmsh^d, which Airttaer IncreMes the lorn, and the coal reached market 
in bad condition. A very soft coal is shipped in lamp, and is not in so wide 
demand. For marine use a soft coal is objeotionaUe, because of disintegra* 
tion by the motion of the ship. Strength is a requisite for the use of raw coal 
in the blast'fttmace, and also to prevent excessive loss of coal through the 
grates in ordinary Aimaces. 

STSAMIira'COAtA 

For steam-making the superiority of coals high in combtlBtlble con- 
stituents is admitted, and those with the higher percentage of fixed 
carbon are the most desirable. But the consideration of the steaming 
qualities of a coal involves also a considemtion of the form of Aimace and 
of all the conditions of combustion. The evaporative power of a coal in 
practice cannot be stated without reference to the conditions of combustion, 
and every practical test of a coal, to be thorough, should lead to a deter- 
mination 01 the best form of fiimace for that coal, and should furnish knowl- 
edge as to what class of furnaces in actual use such coal is specially adapted. 
It is not sufficient that in comparative tests of coeds the same conditions 
should exist with each, but there should also be determined the best condi- 
tions for each coal. 

Of coals high in fixed carbon, the semi-anthracites and the semi-bitumi- 
nous rank as high as the anthracites in meeting the various requirements 
of a quick and efficient steaming-coal. 

For railway use these coals have been found to excel anthracites in evapo- 
rating-power. The comparative absence in semi-bituminous coals, of smoke, 
which means loss of combustible matter as well as discomfort to the traveler, 
is sufficient to suggest the superiority of these coals over bituminous coals 
for such use. In fact, the high rate of combustion and the strong draught 
necessary in locomotives is particularly unfavorable to the economic combus- 
tion of bituminous coal. Such semi-bituminous coals are also specially well 
suited for small tubular boilers, fire-box steam boileis, or other forms with 
small unlined combustion-chambers in which the gases from bituminous 
coals become cooled, are not burnt, and deposit soot in the tubes. 

Steaming-eoal should kindle readily and bum quickly but steadily, and 
should contain onlv enough volatile matter to ensure rapid combustion. It 
should be low in ash and sulphur and should not clinker. 

COALS FOB IRON-MAKING. 

For the manufacture of iron and for metallurgical purposes coal is chiefly 
used after being converted into coke, though it is also used to a limited ex- 
tent in the raw state. Coal directly used must be strong and not swell nor 
disintegrate so as to choke the furnace. It should be capable of producing a 
high heat and should not contain a large amount of sulphur or phosphorus. 

COKE. 

Coke is the fixed carbon of a coal, a fused and porous product prodticed by 
the distillation of the gaseous constituent. For metallurgical use it should 
be firm, tough, and bright, with a sonorous ring, and should contain not over 
1^ of sulphur. For blast-mmace use a dense coke is objectionable, and the 
best is the one with the largest cell-structure and the hardest ceU-wall. A 
high percentage of volatile hydrocarbon is, as a rule, necessary for a good 
coking-coal. 

The fusibility of the carbon, the amount of disposable hydrogen, the tena- 
city with which the gaseous constituents are held, all affect the results in 
coking. Further, coal which is mined near the outcrop and has been sub- 
jected to the influence of the weather, loses its capacity for coking. The pro- 
cess of manufacture should, however, be adapted to the character of the coal, 
as it has an important, though secondarv influence upon the physical charac- 
ter, uniformity of quality and dryness of a coke. Coals of inferior grade are 
made to produce good coke in Europe by using coke-ovens in which the Iieat 
of the fi^es is applied externally to the coke-chamber, but the coal is 
generally first carefully crushed and washed. Further, the depth of the 
charge and length of heating have an important bearing. 

As at present understqpd, and in the present mode of manufacture, the es- 
sential qualities of a good coking coal are that it shall contain not less than 
twenty nor more than thirty per cent, of volatile hydrocarbons and not too 
much ash ; that on being heated it must i>ass through a thoroughly fused or 
pasty condition ; and that when in this condition it must part witli its vola- 
tile matter in such a manner as to form innumerable small pores. 
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If a coal contaiiis less than twenty per cent, of volatile matter it will not 
ftiae properly, whilst If it has more than thirty per cent, the porous stnietoie 
will be nnduly developed at the expense of the strength of the pore walls ; on 
the other hand, many coals lying hetween these limits will not ftise at all, 
and therefore do not coke, while others fbse properly but give off their gas so 
as to form large and thin-walled pores. 

DOMESTIC COALS. 

In domestic use coal is burned in open grates, in closed stoves with ordi- 
nary fire-bowls and fiat grates, or with basket-grates in small fhmaces for hot- 
air heating and in cooking-stoves. In all these the coal that sustains a mild 
steadv combustion, and remains ignited at a low temperatuie with a compar- 



atively feeble draught, is the best. A tx>al burning with a smoky flame is 
objectionable as producing much soot and dirt, especially for open nates or 
cooking purposes. For self-feeding stoves or for base-burners a dry non- 



coking coal is necessary. A very tree and fiercely burning coal is not desir- 
able, particularly In stoves, as the temperature cannot to easily regulated. 
A sulphurous coal is also bad. as it produces stifling gases with a defective 
draught, and corrodes the grates and fire-bowls. The difficulty fh>m clinker- 
Ing is not so great in domestic uses, as the temperature is not geneially high 
enough to fuse the ash. A stony, hard ash. which will not pass between the 
grate-bars, is bad, and light pulverulent ash is best. 

The sizes of anthracite coal vary. The sizes of screen-mesh and bar-open- 
ings used for separating, range as follows : 
Lump ; over bars placed 7 to 9 inches apart. 

Steamboat ; over bars placed 3>^ to 5 inches apart and through bars 7 inches 
apart. 

Broken .over a mesh 2%" to 2%", through a mesh or bars SW' to 4W^, 

Egg over a mesh 1%'^ to 214", through a mesh or bars 2%" to 2%". 

Large stove over a mesh IJ4" to IT4", through a mesh or bare 1%" to 2Vi". 

Small stove over a mesh 1 " to IV4", through a mesh or bars 134" to IW'. 

Chestnut over a mesh ^" to fj", through a mesh or bars 1 " to 1^". 

Pea over a mesh %"t 

Buckwheat - over a mesh ; 

Dirt ..over a mesh 

The sizes of bituminous coal are lump, nut, and slack. 

All coal that -passes over bars 1}^ inches apart is called lump. 

All coal that passes through bars 1}^ inches apart and over bars % of an 
inch apart is called nut 

All coal that passes through bars % of an inch apart is called slack. 

GAS-COALS. 

Coals suitable for the production of illuminating-gas should contain, at 
least, between 30 and 405< of volatile hydrocarbons. 
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ANALYSIS OP 00AIJ9L 

To the practised eye, the appearance of a piece of coal will very fireqaently 
afford a good Indication as to us character ; but its real value can best be deter- 
mined by means of a chemical analysis ; and for reneral practical purposes 
what is known as a " proximate analysis " is usually considered sufficient. 

By this we determine the percentages of moisture, volatile combustible 
matter, fixed carbon, sulphur, and ash. The methpd is as follows : 

tVater or Moisture.— Dry 5 to 10 grammes of the powdered coal in a counter- 
poised watch-glass in a water-bath at 212° F. until the weight is constant. 
From one to two hours is generally sufficient for this purpose. Note the loss 
in weight as moisture. 

Volatile Matter.— One gramme of the powdered coal is heated in a platinum 
crucible, fitted closely with a lid, first at a red dull heat and until the flame 
of the escaping gases is no longer visible, and then at a fhll red heat f<» 
about five minutes. The crucible and its contents are allowed to cool thor- 
oughly and then weighed. The loss in weight shows the percentage of vol- 
atile combustible matter and water. Deduct the water found in the previous 
experiment and note the diflferenoe as volatile combustible matter. 

-4sA.— The residue in the crucible consists of the fixed carbon, part of the 
sulphur, and the whole of the ash. To determine the latter, heat the crucible 
over a Bunsen burner or in a muffle until all the combustible matter has been 
burned off. Note the residue as ash. 

(Sfu^pAttr.— Fuse one gramme of the finely-pulverized coal with a mixture of 
ten grammes of carbonate of soda and six or seven grammes of nitrate of 
potash. Heat gently at first and until fusion is calm, then continue heating 
for about a quarter of an hour. Dissolve the contents of the crucible In 
water, acidulate with hydrochloric acid and evaporate to dryness to render 
silica insoluble. Re-dissolve in dilute acid— ^Iter off the silica and precipi- 
tate the sulphur in the filtrate by means of chloride of barium. Allow the 
precipitated sulphate of baryta to stand aside for several hours ; then filter, 
wash well, ignite and weigh. 233 parts of the ignited sulphate of baryta con- 
tain 32 parts of sulphur. 

Fteed Carbon.— On heating the coal to obtain the percentage of volatile 
matter, part of the sulphur is volatilized, part is burned off with the fixed 
carbon, and part remains in the ash. Except in special cases where separate 
tests are made to determine how much of the sulphur has been volatilized, it 
is customary to deduct the combined percentages of water, volatile matter, 
sulphur, and ash from 100-00, and to consider the difference as '*flxed carbon.'^ 

OPENING A COLLIERY. 

The location of the surface plant and the colliery opening depends on the 
formation of the coal-deposit primarily, and secondarily on the facilities for 
transporting the product to market. It is impossible for one not on the 
ground and unfamiliar with natural or railroad transportation facilities in 
the neighborhood to give an idea as regards the secondary consideration. As 
regards the primary consideration, the following observations will be found 
orvalue : 

When the coal outcrops within the limits of the property and is flat, a water- 
level drift is the best method of opening it. If the coal has any considerable 
inclination, it should be opened oy a slope, or by a tunnel driven across the 
intervening measures. 

In the Bituminous fields, where the seams have an inclination of but from 
^ of 1° to 1\°, the water-level drift is generally used, and the main haulage 
entry is opened at the lowest accessible point on the outcrop, which ensures 
free drainage and a favorable grade for haulage. When the outcrop coal dips 
into the hill, the drift is usually commenced a few feet below the coal-ter- 
race, and driven on a slight up-grade until the normal dip is reached. 

When the inward dip is too strong, the better plan is to sink a shaft In the 
center of the basin, provided the depth is not too great and the amount of 
water to be pumped is comparatively small. If the inward dip to the center 
of the basin does not exceed a total of 25 ft. difference in level, a drift may be 
used and drainage be effected by a syphon. 

In the Anthracite regions water-level drifts are only profitable where the 
inclined seam is exposed in ravines or gorges eroded across the strike of the 
measure, or where the vein can be reached by a short tunnel from the sur&ce 
to the vein across the mecisures. This is often the case when the vein dips 
with the hill, but when the dip is against the hill, the tunnel is generally a 
long one. While the expense of operating a mine opened by a long tunnel is 
less than one opened by a slope or shaft, owing to cheaper drainage and haul- 
age, when the coal above water-level is exhausted the tunnel is almost 
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worthless. When the seam is inclined and is accessible at no point alons; its 
outcrop low enough to fUrnish sufficient lift or breast length, it should be 
opened by a slope or shaft. Or. if the seam is flat and does not crop on the 
tract, a shaft is the only method of working it, unless it lies so near the sur- 
fiEu;e that it can be stripped. 

Where a seam has a dip of 20° or more, and is brought close to the surface 
bv an anticlinal axis or "saddle," a " rock slope," or. in other words, a tunnel 
dipping the same as the coal may be started from the surface, and when the 
seam is reached may be continued to the desired depth in the coal. In sink- 
ing slopes it is customary to sink an airway alongside of and parallel with the 
slope, with a pillar of about ten yoida between . The slope is usually sunk so 
that there is a " lift '' of from 100 to 110 yds., and then gangways are turned 
oflFon each side. The term "lift" in this connection means the length on 
pitch that breasts or rooms, driven at right angles to the gangway, can be 
oriyen in good coal. Subsequent lifts are usually from 80 to 100 yds. long. 

SHAFT -SINKING AND TIMBERING. 

Shafts in America are generally rectangular in form. Indeed it is doubtful 
if there is a circular winding coal-shaft in the United States. They have 
usually three compartments, viz., two hoist-ways and a pump-way, the latter 
frequently being also used as an air- way. 

As a general thing the loose material or wash above bed-rock is not thick 
enough to cause any serious trouble, and ordinary cribbing of heavy timber 
or a masonry curbing is sufficient. But when the surface is very thick or 
loose and runs like quicksand, considerable difficulty is experienced. The 
general method of overcoming this difficulty in the past was to at once divide 
the shaft into the required number of compartments by heavy timbers alter- 
nating or placed "skin to skin," which had the eflfect of bracing the cribbing 
against the lateral pressure of the loose material. This method is eflectual 
where the wash will remain solid or stand long enough to allow the timber- 
ing and cribbing to be put in. 

But, as it often happens in quicksand, the slnkers/^an make no progress 
against the treacherous element they have to contend with, other methods 
have to be employed. The most successful methods are the pneumatic and 
the Poetsch methods. The former consists of applying the caisson principle. 
The men work in a caisson and the loose material is kept back by compressed 
air forced in and held at a constant pressure. The Poetsch system conlBists of 
sinking a number of tubes in the quicksand around the outside of the shaft, 
and then with a refrigerating machine and compound, freezing the quick- 
sand to a solid mass, thus forming an area of material as hard as ordinary 
sandstone reaching to bed-rock. In the center of this the shaft is sunk, 
the refrigerating process being kept up until the shaft reaches the solid 
rock and the lining, whether of timber, masonry, or iron, has been securely 
fixed in place. 

The size of shafts vary greatly, depending on the number of compartments 
desired and the size of the compartments. They are generally from 10 to 12 
ft wide inside of timbers, and each compartment is jrom 6 to 7 ft. wide in- 
side the guides. This would make the outside dimensions of a double-com- 
partment shaft about 13 to 16 ft. wide, 17 to 18 ft. long, and a triple-compart- 
ment shaft from 24 to 25 ft. long. In some instances shafts are sunk with 
four or six compartments. 

SINKING HEAD-FRAMES. 

Head-frames of very simple form are used for sinking. The skeleton of the 
frame is fonned of heavy squared timber (10" x 10" or 12" x 12^0 mortised and 
pinned together, and braced by diagonal braces. A good height from the 
surface to the center of the sheave is from 20 to 25 ft. The sheave 
should be from 6 to 8 ft. in diameter. The sinking bucket should 
be of boiler-iron or of heavy hardwood strengthened by iron bands, 
about 3 ft. in diameter at the top by from 2H to 3 ft. deep. It should be 
suspended by a handle pivoted a trine below the center, and it should have 
a pin on the rim of the bucket which will hold it in an upright position when 
a loose ring on the handle is slipped over it. A chain fastened to the top of 
the head-frame, with a hook on its loose end, is suspended so that when 
hanging plumb it is over a schute leading to the dump-car. As the bucket 
is hoisted out of the shaft, this chain is attached, and the en^ne reversed. 
The bucket swings over the schute, the ring holding it upright is knocked off 
the pin, and the rock is dropped into the schute. Rocks too large for the 
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bucket are suspended in chains and are hoisted in that way ; and removed 
on a truck that runs on a track inside of the head-frame, and of a gauge suffi- 
ciently wide to give plenty of clearance for the bucket. 

SINKINO-ENOINEB. 

Most shafts and slopes are sunk with old engines or else by engines espe- 
cially designed for such work, and so constructed that they can easily be 
moved from place to place. In some cases where an old engine can be read- 
ily had. it is set up on temporary timber foundations and used till the shaft 
or slope is finished, when it is replaced by the permanent engines, and the 
old one is dismantled and disposed of to the best advantage. 

TOOLS AND EXPLOSrVBB. 

The old method of hand-drilling is still adhered to in many instances, but 
it is gradually giving wav to machine-drilling, especially in deep shafts. 
When properly managed tne work is done much more rapidly and economic- 
ally by the several excellent tvpes of rock-drills now on the market. Thev 
are constructed in a variety of shapes by the makers, and there are so many 
convenient accessories in the shape of fittings, etc., that all contractors prom- 
inent in the various coal-fields possess one or more of their favorite type of 
drills. These drills are run either by compressed air, steam, or electric power, 
and in large shafts two are usually employed, so that work may not be 
delayed by a break-down of one drill. The center or one side of the shall 
is usually kept in advance of the rest, so as to furnish a sump for the collec- 
tion of the water. The holes are drilled from three to six feet apart, and the 
depth varies with the character of the rock. When a sufficient number of 
holes are drilled, the drill is removed, and a cartridge made of dynamite, 
dualin, or some other form of high explosive is tampea in each hole. These 
are all fired simultaneously by an electric battery, detonating caps being 
placed in each change. 

To keep the shaft the required shape, if rectangular, a plumb-bob is sus- 
pended in each comer, Bither from the flooring on top, or bom a beam laid 
across the cribbing, and these guide the miner in sauaring the comers and 
sides. If the shaft is a circular one, a plumb-line is let down in the center. 
fh)m time to time, and a rod cut the exact radius is revolved around it. If it 
strikes the rib the miner knows that at that point the shaft is not true. 

The explosives used vary in different fields. The following, however, is a 
list of those most generally used, with a statement of their composition : 

Dynamite— lb per cent, nitro-glycerine. 22 per cent, bone-dust. 

Dualin—^ per cent, nitro-glycerine, 20 per cent, nitro-celluloee. 

Jtetidroch-40 percent, nitro-glycerine, 40j)er cent, nitrate of soda or potash, 
13 per cent, cellulose, and 7 -per cent. para£ui. 

Oiant Fcnoder—SO per cent, nitro-glycerine, 48 per cent nitrate of soda, 8 per 
cent, of sulphur, and 8 per cent, charcoal. 

Vulmn Povjder-^ per cent, nitro-glycerine, 48 per cent, nitrate of spda, 7 
per cent, sulphur, 10 per cent, charcoal. 

Elecirie Ptnoder—SS per cent, nitro-glycerine. The balance is a secret. 

DessignoUe F(ywder—^ per cent, picrate of potash and 50 per cent nitrate of 
potash. 

Bnigere Powder—^ per cent, picrate of ammonia, 50 per cent, nitrate of 
potash. 

Tonite— 52*5 per cent, gun-cotton, 47-5 per cent nitrate baryta. 

Explosive GelatiJie—Sd per cent, nitro-glycerine, 7 per cent, gun-cotton 
nitrated, and 4 per cent, camphor. 

Atlas Powder, A— 7b per cent, nitro-glycerine, 21 i)er cent, of flbrelesB wood, 
2 per cent, carbonate of magnesia, and 2 per cent, nitrate of potadi. 

AUas Powder, B—50 per cent nitro-glycerine, 84 per cent nitrate of soda, 14 
I)er cent, fibreless wood, and 2 per cent, carbonate of magnesia. 

Judson Powder, No, 1--17'5 per cent, nitro-glycerine ; the rest unknown. 

Judson Powder, No. 2—14 per cent, nitro-glycerine, 59-9 per cent, nitrate of 
soda, 13-5 per cent sulphur, and 12-6 per cent, pulverized cannel coal. 

Jttdson Powder, No. 3—5 per cent, nitro-glycerine, 64 per cent nitrate of 
soda, 16 per cent, sulphur, and 15 per cent, pulverized cannel coal. 

Backarock— 77 •! per cent chlorate of potash, 22-3 per cent, nitro-benzol. 

Gelatine Forcite--9b per cent, nitro-glycerine, 5 per cent, cellulose matter 
not nitrated. 

Gelatine Dynamite, -4—97*5 per cent, nitro-glycerine, and 2*6 per cent soluble 
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QeUxtme J)ynamiie, B—lb per cent, nitrate of potash, 24 per cent, cellulose 
matter, 1 per cent. soda. 

Gelignite— 56'5 per cent, nitro-glycerlne, 3*5 per cent, nitrated cotton, 8 per 
cent, wood bark, 32 per cent, nitrate of potash. 

Jfe^inite— Picrated acids, cellulose matter disBolved in ether. 

Jioborite— Nitrated napthaline and nitrate of potash. 

In this connection it is well to also note the fact that in some instances 
shafts in this country have been sunk in which all the holes for blasting were 
driven from the bed-rock to the coal by diamond drills. The holes, when 
completed, were filled with sand, suid when blasting commenced the miners 
took out from three to four feet of this filling, and Bred them in flpx)Ups. A 
central group of holes was fired first and the outer rows afterwaros. It was 
surprising to note how little squaring up was afterwards necessary when this 
system was used. The above, nowever, only applies to shafts of not over 100 
yards in depth. When the depth is greater than this it is advisable to bore 
onl^ two or three hundred feet, sink to that depth, and again set up the drills 
for another stage of drilling, oecause the diamond drill, particularly when 
boring a hole of small diameter, is liable to defiect from a true perpendicular. 

The Kind-Chaudron process of shaft-sinking consists essentially of the oil- 
well method of drilling on a mammoth scale, and has never been used to 
any great extent. 

THE TIMBERING OF SHAFTS. 

When the shaft is through rock that from its solid nature makes timbering 
unnecessanr, it is divided into compartments by heavy single timbers placed 
five or six feet (vertically) apart To these the cage-guides, usually of straight- 
irained yellow pine, or oak, are fastened by bolts with countersunk h^uls. 
These timbers are set in notches or steps cut in the sides of the shaft, and 
they are fEistened tightly in place by wooden wedges. 

when the sides of the shaft are not self-sustaining, complete timbering is 
necessary ; the distance between each set of timbers depenaing, of course, on 
the nature of the sides. 

Various forms of joints or mortices are used, but the strength of the timbers 
sliould never be Impaired by the removal of too much wood, or a tendency to 
split caused. Wedge-shaped joints and dovetailing are, for this reason, bad 
joints. 

When the sides are very unsafe, lagging or plank-sheathing should be 
placed between the timbers and the rock. For tnis purpose iron plates are 
sometimes used, and in circular shafts in Europe, iron '• tubbing," wnich con- 
sists of segments of a cylinder, bolted together, or of complete cylinders of 
proper diameter, lowered into the shaft and bolted together, are used. 

When the sides are giving off a considerable amount of water, and timber 
is used for lining, another cribbing outside the regular cribbing, backed with 
three-inch plank, should be put in, and the space tightly rammed ^vith clay 
tilling. The thickness of this clay filling must be determined by the nature 
of the sides, but it should never be less than 12 inches. 

The following cuts illustrate good standard joints for shaft-timbering: 
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Fig. C. 



Fig. D. 



IV 
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Fig. E. Fig. P. 

Wg. A shows a mitre-joint with a key. This style of joint is a good one if 
properly and carefully made. But unlesa the joint is properly fitted, it has a 
wedging eflfect and splits the timbers. 

Fig. B shows the half-check joint. 

Fig. C shows a combination of the principles of the mitre and hajf-check 
joint ; but it requires careful fitting to make it effectual. 

Figs. D and E show timbers tongued into grooves. 

Fig. P shows timbers squared and driven tightly in place. This style is 
often merely fastened by spiking together. In some cases they are hung by 
bolts, but the more common plan is to support them on square pieces of tim- 
ber spiked into the comers and under the joints. 

DRAINAGE AND VENTILATION. 

When only a small amount of water is encountered while sinking, the best 
plan is to allow it to collect in a depression and bail it from there into the 
Ducket, and hoist it the same as the rock. Where the water is excessive in 
quantity, a steam-pump is necessary. All of the leading pump-works nuUte 
pumps especially aesimed for sinking purposes, and it is not the provinoe of 
this work to mention the advantages possessed by one over the other. 

When the shaft is of moderate depth, a fire burning in one corner will 
supply ample ventilation. To rapidly clear away smoke, a good plan is to 
bum a bundle of straw or shavings in one end of the shatt, and throw a 
couple of buckets of water down the other end. When the shaft is very deep, 
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or when the sectional area is small, ventilation is produced either by a steam- 
jet, or by a small fan turned either by steam or by hand. In some cases a Hre 
is used, that draws into a board pipe. 

SPEED AND COST OF SINKING. 

Any attempt at a general estimate regarding the speed and cost of sinking 
is impossible for many reasons appreciated by the practical miner. Shafts 
yary in size, and in the character of the material through which they pass, 
so mnch that even if there were no other items to be considered, a general 
estiinate could not be made. But, if the ground Is pretty well known, and 
the sectional area and the depth given, the experienced contractor knows 
how much he can drive in a given time, and he can consequently form a 
good estimate for each separate shaft. The range of cost is so great that it 
may be anywhere from $1.00 to $10.00 per cubic yard of material excavated. 

SLOPE-SINKING. 

A slope is an inclined plane driven down on the bed of the seam, and is 
generally through coal, thougrh sometimes they are driven through rock, 
across m^easures to cut the coal in a seam that can not be conveniently worked 
by a slope in the coal. In the latter case it is merely an "inclined tunnel." 
In the former it might be termed an " inclined gangway." 

A slope and an inclined plane, when mentioned hereafter, will mean an 
inclinea opening in coal, used as a passage-way for mine-cars. 

When the location of the slope has been decided on, the first thing to be 
done is to erect a temx>orary sinking-plant. For this purpose an old engine 
is generally used. For a short distance, varjring with the nature of the 
ground, but usually ranging from ten to twenty feet on the pitch, an open cut 
18 made, and the earth, rock, or crop coal Is thrown out by hand. As soon 
as sufficient cover is reached the work of undermining and timbering is com- 
menced, and at the same time a double or single track is laid, so that the 
coal can be taken out in a car or self-dumping sop. When the latter is used, 
the track is continued up a trestle some distance above the surface, and a 
head-sheave so placed as to draw the skip up the required distance and dump 
the material in a shute beneath the trestling. 

The width of the slope depends on the size of the cars, and the number of 
compartments. The most common arrangement is to divide the slope into 
three compartments; two large one^for noistways and a smaller one for 
pump-rod, column-pipe, steam-pipe, and traveling-way. This latter is also 
tised while sinking is goinx on, as an air-way. 

In some instances slopes nave but one hoist- way, laid with three rails and a 
turnout at the middle of the hoist, and some have single track with a central 
turnout. This may be economy in first cost, but is not in the long run. 
Collisions are apt to occur, and the breaking of a rope or the falling of coal 
firom an ascending car is apt to cause more damage than when two compart- 
ments are used. 

When several lifts are simultaneously worked, a single-track slope is used ; 
but, unless the pitch is light and several cars can be hoisted at once, this 
method produces a comparatively small output. 

When the dip of a slope is under 4(P the height of the slope should be 
about 7 ft. in the clear. When the slope dips more than 40°, unless self- 
dumping skips or gunbcN&ts are used, a cage is necessary, and then the height 
must be made greater. 

The sinking of aslope ia similar to gangway-driving, and the tracks and 
timbering are kept well up to the fiwe. 

The timbering is very dmilar to gangway-timbering, except that squared 
timber is more nrequently used (but it is not necessary), and the joints are cut 
with more care. On steep pitches a heavy *' mud-sill" is let into the rib on 
each side to prevent the road from slipping down the pitch. 

The following figures show various methods of slope-timbering : 
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Fig. 5. 



Pig. 3. 

Fig. 1 shows a slope with no other tim- 
bering but a center prop. 

Fig. 2 shows legs, collar, and center prop 
of round timber, with lagging on sides and 
top. 

Fig. 3 shows square timber for a slope 
with two comi)artments. 

Fig. 4 shows square timber for a slope 
with three compartments. 

Fig. 5 shows a ground-plan of the ar- 
rangement of mud-sills, legs, center projis, 
and road-bed. 

The mud-sills represented by a should be 
about 6 ft. ajvart, from center to center. 
The braces, b, are used to keep the sleepers 
in place. It will be noticed on the plan 
that the upper mud-sill is set into the rib 
at each end and rests against a prop in the 
center ; the next rests against props at each 
end, and has no support in the center ; the 
third is supported both at the ends and 
center by props ; and the last is merely 
supported by shoulders cut in the ribs. This 

gives the plan to be adopted when any style of timbering, or when no tim- 
bering, is used. 

The props and timbers should be in«^ined slightly (from two to five degrees) 
up the pitch, and not set perpendicularly to the top and bottom, as in gang- 
way work. This rule applies also to the timbering or propping of any inclined 
opening. 

In some cases, when square timber is used, the lining for top and sides is 
either made of planks or slabs. Square timber for slopes should be at least 
12" X 12". When round timber is used, especially if there is no center prop, it 
should be at least 15" in diameter. When a center prop is used it should not 
be less than 12". 

THE SUMPT. 

When the shaft or slope is completed, among the first things necessary is a 
sumpt in which to collect the drainage of the colliery. This is an opening 
lower in the vein, when it is a pitching one, or in the rock when it is a flat 
seam reached by a shaft. It should be large enough to hold any excess of 
water that the piunps cannot handle ; and the pumping machinery should be 
powerful enough to handle the ordinary drainage by running not over ten 
hours per day. When this is the case, in an emergency the pumps can be run 
continuously, and thus handle the surplus water. 

DRIVING THE GANGWAY*. 

In Bituminous seams the height of the gangway is governed by the thick- 
ness of the seam, and this is also true in a certain sense in the Anthracite 
regions. But in the Anthracite regions they are very seldom less than six feet 
In height. In the larger veins they are from & 6" to 7' 6" high, in the clear, < 
and from ten to fifteen feet wide. The gauge of track varies fh)m 24" to 48". 
The grade should rise at least 4" in 100 ft., and a gutter three ft. wide by 
eighteen inches deep should be cut in the coal on the low side. This gutter 
should be a gutter, and not a receptacle for refuse. There is no economy in 
a shallow gutter, or in neglecting it because it costs a few cents a day to keep 
it open. 'Some authorities advise a rise of from six inches to a foot in every 
hundred feet, but they evidently do not take into consideration that so great 
a rise means a loss of from twenty-six to fifty-three feet in lift at the endfof a 
gangway a mile long, or in other words, in the loss of from 68,000 to 137,000 sq. 
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ft. of the area of coal to be reached by the gangway. This applies to pitch- 
ing seams. Where the seam is flat, or nearly so, the «ingway must, of course, 
be driven on a grade that best suits the formation. Turnouts constructed on 
each side of the shaft or slope of a suitable length are a necesfilty if the slope 
or shaft is to be kept constantly supplied with coal. These turnouts vary in 
length, depending on the length of the cars, and the number necessaiy to 
keep the machinery in motion between trips. They should be wide enough 
to allow at least three feet in the clear between the oodies of the cars. Five 
feet is even better. When possible to avoid it, there should be no center {H'ops 
between the tracks. 

Gangway timbering depends on the nature of the roof, sides, and pitch of 
seam. It is intended to protect the workings and miners flrom falls of loose 
pieces, and is not intended as a support for the overlying strata. 

In some instances no timber is necessary; in others double timber is 
required. In still others, what h known as post-and- 
bar timbering is used. Two of the best forms of joints 
for double timbers are shown in the annexed 
sketches. 

The post-and-bar system is not a good one, and is 
not used to any great extent. In standing a prop, 
cut a round foothold, deep enough to reach the solid ; 
throw a handfUl of fine dirt in the hole, and twist the 
prop around in it several times : this beds it and gives 
the end ftiU bearing-surface. The bottom of the prop 
should be dressed like the frustum of a cone. The 
length should be measured accurately, so that when 
it is driven as tight as possible it will be nearly at 
right angles to the dip. The butt-end should be 
against the top because it presents more bearing-sur- 
face : and between it and the top there should be a 
cap-piece of three-inch plank. Care should be taken 
to get the prop in so that the pressure is distributed 
equally over the whole surface of the top. The practice of driving wedges, 
either between the prop and cap-pieces, or between the cap-piece and the 
top, is a bad one. and puts the weight on one comer, and thus detracts fix>m 
the strength of the prop. The weight should always come squarely, or very 
nearly so, on the prop, and not diagonally. 

METHODS OP WORKING. 

There are two ^neral methods of working the coal, viz. : by Bord and Pil- 
lar (breast and pillar) and bv Longwall. There are combinations of the two 
systems, and also mckliflcations of each, which, of course, depend upon the 
characteristics of the vein and strata. Longwall is suitable for seams lying at 
any angle, but is most successfVilly used in seams dipping less than 25 degrees. 
Bord and Pillar is also suitable for seams Jying at any angle, but is preferable 
in seams dipping over 25 degrees. 

In soft seams, when the roof crushes, the wall-face should be perpendicular 
to the cleat, and in strong seams parallel to the cleat. Its proper position is 
more dependent upon the inclination of the seam than upon the direction of 
the cleat, and the following general rules should be observed : 

If the inclination of the seam is moderate, the wall-face should be perpen- 
dicular to the dip, when the roads will be easy to maintain, and a level course 
is obtained in the face. 

Where the dip of the seam is considerable, the wall-face should be parallel 
to the direction of dip, when the principal roads for bringing down tne coal 
will be cross-cuts, which can be worked likely as self-acting inclines. The 
stalls will be very short not more than 5 yards long each . This method pre- 
vents accumulation of gas in the face, which would result if the wall-race 
were_perpendicular to the rise of the seam. 

In Bord and Pillar working the size of pillars depends on the depth of the 
seam from the .surface. 

In his " Winning and Working of Collieries," Mr. Dunn gives the following 
.scale for first working, with the design of afterwards taking out the pillars. 
the width of th£ principal workiugs oeing 5 yards, and cross-holings 2 yards. 
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Depth ia 


size of Pillars 


Proporiioa 


Depth ia 


Sixe of Pillars 


Proportion 
InPUlsrm. 


Feet. 


ia Yards. 


In Pillars. 


Feet. 


in Yards. 


120 . 


. 20 by 6 . 


•41 


1080 . 


. 26 by 14 .. 


•69 


240 . 


. 20 *' 6 


•50 


1200 . 


. 26 " 16 .. 


•71 


860 . 


. 22 " 7 . 


•52 


1320 . 


. 28 " 18 .. 


•78 


480 . 


. 22 " 8 . 


•57 


1440 . 


. 28 •' 20 .. 


•75 


600 . 


. 22 *• 9 . 


•59 


1560 . 


. 30 " 21 ... -77 


720 . 


. 22 •' 12 


•61 


1680 . 


. 30 " 22^ .. 


•78 


810 . 


. 26 " 15 . 


•63 


1800 . 


. 30 •' 24 .. 


•79 


960 . 


. 28 " 16 


•66 









In the foUowitiff table, the weight thrown upon pillars at diflferent depths 
by the removal of different proportions of coal is given. 





Weight on Pillars, the proportion to mine got beiug 


Depth of 
in Feet. 


90 per cent 

Lb8. 

per sq. in. 


80 per 

cent. Lbs. 

per 

sq.in. 


70 per 
cent. 
Lbs. 
per 

sq.in. 


60 per 
cent. 
Lbs. 
per 

sq. in. 


60 per 
cent. 
Lbs. 
per 

sq.in. 


40 per 
cent. 
Lbs. 

sq-i^. 


so per 
cent. 

Lbs. 

per 
sq.in. 


20 per 
oenc 
Lbs. 

WT„. 

500 
2.500 
5.000 
7,5C0 


10 per 

cent. Lbs. 

p« 

sq.in. 


100 
500 
1.000 
1,500 
2,000 
G.000 
4.000 
5,000 
10,000 


Ill 
555 
1,111 
1.666 
2,222 
3,333 
4,444 
5,555 
11.110 


125 
625 
1,250 
1,875 
2,500 
3,750 
5,000 
6,250 
12,500 


142 
710 
1,428 
2,138 
2,956 
4,384 
6,912 
7,340 


166 
830 
1.666 
2,496 
3.333 
4.999 
6,666 


200 
1,000 
2,000 
8,000 
4,000 
6.000 
8,000 


260 
1.250 
2,500 
3.750 
5.000 
7,500 


333 
1,665 
3.333 
4.998 
6,666 


1,000 

5,000 

10,000 

15,000 



In his "Notes and Formulae for Mining-Students," Mr. J. H. Merrivale, in 
contrasting the two systems, savs : 

In Longwall, a fisuje of considerable width, say 100 to 500 yards, is opened 
out, and the coal is worked along the whole distance either in one lift or in 
steps. The roads— main-gates and cross-gates, as they are called— pass 
through the goaf and are supported on packs built up of the stone tasen 
down to form height in the roads. The roof along the face is also supported 
on packs made from the refuse of the seam, and where this falls, on timber 
which is drawn and shifted forward as the face advances. All superfluous 
stone, &c., not required for the packs, Is cast back into the goaf, and one of 
the main elements of success in this system of working is that there should 
be sufficient of this to fill, more or less completely, the void left by the 
abstraction of the seam, so as to let down the roof evenly and gradually. 

In Bord and Pillar the seam is fitst cut up into rectangular masses by two 
sets of excavations, driven at right angles to one another, and then these 
masses are removed in slices about four to seven yards wide. The first opera- 
tion is called working in the " Whole Mine," and the second working in the 
"Broken." 

Longwall then may be defined as any system of working in which the seam 
is removed at one operation : Bord and Pillar, as any system in which the 
seam is removed by two or more series of workings. 

The Bord and Pillar and Longwall systems of working are adapted to dif- 
ferent circumstances, so that an exact comparison is Impossible, though a 
general one may be made as follows : 

1. Ventilation.— In Longwall the air enters by the main gate, and, dividing 
into two splits, passes along the face, returning by roads on the extreme right 
and left, wothlng can be simpler than this arrangement ; very little bratUce 
is required, and the air, having the shortest possible distance to travel, 
acquires the least possible heat fh)m the strata, a matter of great importance 
in deep mines, and also requires the least x)ssible f entilating-pressure (i. e., 
less expenditure of money) to set it in Jiotion 

In Bord and Pillar the air also entere by the central drift or mother-gate 
bord, and divides into two splits ; but, as the air has to be taken into each 
bord, it has a very much longer distance to travel, and a great deal of brattice 
is required. 

On the other hand, should there be much gas. it can be isolated to the bord 
in which it is being given off in Bord and Pillar ; whilst in Longwall it will 
foul the whole face on the inbye side. 
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2. Produce.— In Longwall all the seam may be extracted, and whilst the 
weight of the roof helps to break down the coal at the face, it does not rest 
npon it ong enon«[h to crush the coal. This, combined with the small 
amount (if any a an) of nicking and narrow work, tends to the production 
of the maximum of round coal 

In Bord and Pillar all the seam cannot be extracted, as some coal must 
always be left in stooks, and in addition, a portion of the pillars is often lost 
by falls of root In the whole workings, small coal is produced by nicking 
and narrow work and often in the broken by crush. The result being a 
smaller production botn of unscreened and of round coal than in the Long- 
wall method of working. 

3. Coat.— In Longwall the cost of putting, supervision, and materials (i. e., 
rails, sleepers, and brattice) will be less than in Bord and Pillar because the 
distance is shorter ; and, as there is no yard work, and the weight of the roof 
helps to brinsr down the coal, the cost of hewing also will be less. On the 
other hand, shift and stone work will be very expensive, so much so, that 
where powder cannot be used, Longwall is, in many cases, inadmissible. 

A given length of fioce will stow more men in Longwall than in Bord and 
Pillar. 

4. Surface Damage.— When it is intended to work out the whole of the seam 
less damage is done by Longwall than by Bord and Pillar, because the space 
formerly occupied by the seam is filled up by the stowage, and though this 
cannot be done so completely as to support the weight of the superincumbent 
strata without considerable compression of the stowage, yet the character of 
the support is the same over the whole area, and the surface is let down grad- 
ually and uniformly. 

In Bord and Pillar the surfkce damage usually takes the form of irregular 
depressions dotted about here and there, putting a stop to all farm drainage. 

5. Accidents.-AccidentB from falls ot stone are leas likely to happen in 
I>ongwall than in the broken workings of Bord and Pillar; and, as no coal is 
left below ground, underground fires, fh)m the spontaneous combustion of 
small coal crushed and ground together by falls of roof, are impossible. On 
the other hand, gas cannot be isolated to the place where it is being given 
off, as in Bord and Pillar. And in Longwall, the men being closer together, 
should an explosion occur, more are likely to be killed. 

Summary. — ^Longwall Is suitable for thin seams (less than four feet) or very 
thick (more than twelve- feet) seams, l3ring at any angle ; especially when 
they produce suflttcient refuse for stowage and contain no gas and few 
troubles. 

Bord and Pillar is suitable for seams of moderate thickness (ftom 33^ to 8 
feet) lying at low angles, especially if there be gas and troubles. 

WORKING OF ANTHRACITE SEAMS. 

HINTS FOB LARGE SEAMS WHEN THE GOAL IS SOFT AND SHELLY OR SLIPPERY, 
AT AN ANGLE OP MORE THAN 60°, AND GENERATING LARGE QUANTITIES OF 
FIBB-DAMP. 

The great danger to be guarded against is the sudden liberation of gas 
should a breast " run," that is, should the coal at the face loosen and run out 
by its own gravity, only stopping when it chokes or fills up the open space 
below. To meet these conditions, the air-course may be driven above the 
gangway and used as a return, the fan being attached as an exhaust, and the 
workingr-breastb ventilated in paiis. The inside man-way of one of a pair of 
breasts is connected with the gangway for the intake and the outside man- 
way of the other breast with the return air- way, giving each pair of breasts a 
separate split of the current. In collieries where this system of working is fol- 
lowed the coal is soft. A new breast is worked up a few yards, but as soon as 
it is opened out, the coal runs freely and the man-ways are pushed up on each 
side as rapidly as possible, to keep up with the fieice. The two miners, one on 
either side, sometimes finish a breast without being able to cross to each 
other. The work is done exclusively with safety-lamps, and when a breast 
" runs" the gas is liberated in such quantities that it frequently fills breasts 
from the top to the air-way before the men can get down tne man-way on the 
return side. When the gas reaches the cross-hole, it passes into the return 
air-wav without reaching any part where men are working. Should a ' ' run " 
of coal block a breast by closing the man- way it affects the current of one 
pair of breasts alone. As the gangway is the intake, leakage at the batteries 
passes .nto the breasts, as the cross-holes are above their level and the gas i^ 
thus kept above the starter when at the draw-hole. The gangway, ch ute 



00 COtLIERY KKGlNttfiR POCRKt-BOOK. 

«ind air-way are supplied by wooden pipes, which connect with a door behind 
the inside chute. If abreast runs up to the surfi&ce,iit does not affect the 
return air-way, as it is in the solid. 

Among the disadvantages urged against this system of working are the fol- 
lowing : 

It increases the friction, as the air must pass in the air-way all the distance 
from the breast to the fan, the area of the air-way being small in comparison 
to the gangway or intake. 

As thefiaces of the breasts are so much higher than the return air-way, the 
lighter gas must be forced down into the return against the buoyant power of 
its smaller specific gravity. 

. The reduction of friction obtained by splitting is neutralized by each split 
running up one small manway and down another ; the advantage of running 
through several pillar headings and thus securing a shorter course being lost. 
This can be partly obviated by ventilating the breasts in groups, but the dan- 
gera avoided in splitting are Increased. 

Black-damp, which accumulates in the empty or partly empty breasts, 
works its way down and mixes with the intake current, as there is no return 
current in the breast strong enough to carry it away, the return being closed 
in the air-way. 

All things considered, when the seam is soft and has a pitch of 40^ and 
upward, and emits larRre quantities of gas in sudden outbursts, as in running 
breasts, this system is the best that can be adopted. 

WHEN THE COAL IS HAKD ANJ> GAS IS NOT FREELY EVOLVED. 

The reverse of the system iust described is followed at some collieries where 
the coal is hard and but little gas is encountered. The air-way is driven 
over the gangway or against the top, the Can being used to force the air 
Inward to the end of the air-way. The air is distributed as it returns, being 
held up at intervals by distributing doors placed along the gangway. 

Among the advantages claimed for this plan are the following : 

As the pressure is outward, it forces smoke and gas out at any openings 
which may exist from crop-hole falls or other causes. 

The warm air from the interior of the mine returning up the hoisting-slope 
or shaft prevents i* from freezing. 

As the current is carried from the fan to the end of each lift without passing 
through working-places, the opening of doors as cars are passing, &c., does 
not interfere with the current. 

If a locomotive is used, the smoke and gases generated by it are carried 
away ttom. the men toward the bottom. Locomotives are generally used 
only fVora the main turnout to the bottom. 

An objection to this system is that the gangrway, as the return, is apt to be 
smoky. Starters and loaders are forced to work in more or less smoke, and 
even the mules work to disadvantage, while if gas is given off, it is passed out 
over the lights of those working in the gangway. 

However, in places where there is but little gas, and air-ways of laige area 
can be driven, this plan works very satisfactorily, and some of the b^t-ven- 
tilated collieries are worked upon it. 

An objection advanced by some against forcing-fans is that they increase 
the pressure, thus damming the gas Imck in the strata. In case the speed of 
the fan is slacked off, the accumulated gas may respond to the lessened pres- 
sure and spring out in large voliunes from its pent-up state. This argument, 
however, works both ways. An exhaust fian, runnmg at a given speed, is 
taking off pressure, and if anything occurs to block the intake the pressure is 
diminished, and the gas responds to the decrease upon exactly the same 
principle. 

HINTS FOR THE SMALLER SEAMS WHEN THEY ARK SMALL AND LAY FROM 
HORIZONTAL TO ABOUT 10°. 

Two gangway's may be driven, the lower or main gangway being the 
Intake. Brancn gangways should then be driven diagonally or at a slant, 
with a panel or group of working-places on each slant gangway. Large 
headingB should connect the panels. In this system the air Is carried directly 
to the mce of the gangway and up into the breasts, returning back through 
tho working-places. The Intake and return are separated by a solid pillar, 
the only openings being the slant gangways on which are the panels^ 

The advantages of thw plan are several : 
he main gangway is solid, with the exception of thc^sr^J^/^qc^-holes con- 
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nectin^r With the gangway above ; these furnish air to the gangway and are 
small and easily kept tight. These stoppings should be built of brick, and 
made strong enough to withstand concuwion. 

A full trip of wagons can be loaded and coupled in each panel or section 
without interfering with or detaining the traffic on the main road; one- trip 
can be loaded while another is run out to the main gangway for trans- 
portation to the bottom. 

The only break in the intake current is when a trip of cars is taken out 
from or returns to a panel or section ; this can be partially provided against 
by doable doors, set fiur enough apart to permit one to close after the trip 
before the other is opened. This distance can be secured by opening the first 
three breasts on a back-switch above the road through the gangway-pillar, or 
by running each branch over the other far enough to obtain the distance for 
the double doors. 

If it is not desired to carry the whole volume of air to the end of the air- 
way, a split can be made at each branch road. These will act as unequal 
sphts in reducing friction, and although not theoretically correct, are prefer- 
aole to dragging the whole current the fUll length of the workings. 

The objections urged to this plan are : 

That it involves too much expense in the large amount of narrow work at 
high prices necessary to open out a collierv ; that it necessitates a double 
track the whole length of the lift, and that the grade ascends into each panel 
or section. But the latter criticism falls, because the loss of power haulins 
the empty wagons* up a slight grade is more than made upl)y the loaded 
wagons running down, while the mules are away putting a trip into another 
panel or section. 

For a large colliery this is, without doubt, the best and cheapest system. 

WHEN THE SEAM 18 SMALL AND UES AT AN ANGLE OP MORE THAN 10°. 

In small seams lying at an angle of more than 10°, and too small to per- 
mit an air-way over the chutes, it is more difficult to maintain ventilation. 
If air-holes are put throug^h every few breasts, and a ftesh start obtained by 
closing the back holes, or if an opening can be gotten through to the la.st 
lift as often as the current becomes weak, an adequate amount of air can be 
maintained, because the lift worked can be used as the intake, and the 
abandoned lift above as the return. To ventilate fresh ground, the filling of 
the chutes with coal will have to be depended upon, or a brattice must be 
carried along the gangway. This can be done for a limited distance only, as 
brattice leaks too much air. As a rule, collieries worked upon this plan are 
ran along until the smoke accumulates and the ventilation becomes poor ; 
then a new hole is run through and the brattice removed and used as before 
for the next section. This operation is repeated until the lift is worked out. 
Sometimes, to make the chut^ tight, canvas coveis are put on the drawholes, 
but, as they are usually left to the loaders to adjust, they are often verv 
imperfectly applied. Then, as the coal is frequently very large, the air wifl 
leak ihrough the batteries. 

This plan works very satisfactorily if the openings are made at short inter- 
vals, say as frequent as every fifth breast, but the distance is usually much 
greater to save expense. As the power of the current decreases as the dis- 
tance between the air-holes is increased, good ventilation is entirely a ques- 
tion of how often a cut-off is obtained. 

An effective ventilation could be maintained in a small seam at a heav>' 
angle by working with short lifts, say two lifts of fifty yards instead of one of 
a hundred, as at present. The gangways should be frequently connected, 
and one used as an intake and the other as a return. This would necessitate 
driving two gangways where one is now made to do, but the additional ex- 
pense would Be made up in the greater proportion of coal won. 

SPEOFIC GRAVITY AND WEIGHT OF COAL. 

To determine the specific gravity of coal, take a small piece of coal, suspend 
it by means of a hone-hair nom the under side of the pan of a carefully -ad- 
justed balance, and weigh it both in and out of water ; divide its weight in 
the Air by the loss of toeigfU in the water, and the quotient is the specific 
gravity. 

Example. 

A piece of coal weighs, say, 480 grains. 

Loss of weight when weighed in water, 398 grains. 

Then |}| — 1-206, specific gravity of the coal compared withrwat^ftt 1*000. 

:yitized by V^OOQIC 
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As a cubic foot of water weighs 1,000 oz., the weight of a cubic foot of any 
substance can be found by multiplying its specific gravity by 1,000. 
The following table gives the weight and specific gravity of vailous coals : 



Name of Coal. 


S. G. 


Weight of a Cubic 
Foot in Lbs. 


Weight of a Cubic 
Yard in Tons. 


Newcastle Hartley, England 


1-29 
1-2 
1-30 
1-39 
1-25 
1-59 
1-55 
1-40 
1-27 


80-6 

75- 

81-2 

86-9 

78-1 

99-4 

96-9 

87-5 

79-4 


•972 


Wigan, 4 feet, England. 


•914 


Portland, England 


•978 


Anthracite, Wales 


1047 


Eglington, Scotland r. 


•941 


Anthracite, Irish 

Anthracite, Pennsylvania 


1193 
1-167 


Bituminous, Pennsylvania 


1054 


Block Ctoal, Indiana 


•956 



PRODUCE OF BITUMINOUS SEAMS. 

A ready way of finding the quantity of available coal in a given area of a 
seam is given by W. Fairley, M. E., or England. He takes an acre of coal one 
inch thick to contain 100 tons. This leaves a sufficient margin for faults and 
loss of working. Thus, a vein of coal twenty-four inches thick will yield 2,400 
tons per acre. 

To ascertain the exact quantity of coal under a given area— presuming the 
seam to be of regular thickness and quality throughoutr-find the specific 
gravity ; then, as this represents the weight of a cubic foot in ounces, it is 
simply a matter of calculation to obtain the gross weight. 

The exact weight of coal-seams can be got from the table below : 







Weight of a Cubic Foot in the Broken 


Speoiflo Gravity. 


Weight in the Natural Bed, per Acre 
per Inch Thick, in Tons. 


State, in Lbs. 




Large Coal. 


Small Coal. 


1-10 


111*411 


42-62 


87-12 


115 


116-475 


44-56 


38-81 


1-20 


121-540 


46-50 


40-50 


1-25 


126-604 


48-43 


42-18 


1-30 


131-668 


50-37 


43-87 


1-35 


186-732 


52-31 


45-56 


1-40 


141-796 


54-25 


47-25 


1-45 


146-860 


56-18 


48^98 


1-50 


151-925 


58-12 


5062 



The weight of coal in its broken state, that is,* as it comes to the surface in 
cars or otherwise, will depend on its mechanical structure ; it has been 
ascertained by experiment with bituminous coal in England that, as iMfought 
to the surface, it weighs, if large, in proportion to the solid coal as 62 is to 100, 
and the weight of the small as 54 is to 100. 

If, then, the figures in the second column be multiplied by the number of 
inches any bituminous coal-seam is in thickness, the result will be the con- 
tents per acre in tons. 

TABLE SHOWING THE NUMBER OP TONS OP COAL UNDER A SQUARE MILE 
AT DIFFERENT THICKNESSES. 



Feet. 


Tons. 

1 


Feet. 


Tons. 


1 


972,320 1 


9 


8,750,880 


2 


1,914,640 1 


10 


9,728,200 


3 


2,916,960 


20 


19,446,400 


4 


3,889,280 


30 


•29,169,600 


5 


4,861,600 


40 


38,892,800 


6 


5,833,920 


50 


48,616,000 


7 


6,806,240 


60 


58,339,200 


8 


7,778,560 


70 


68,062,400 



PRODUCE OF ANTHRACITE COAL-SEAMS. 

In making calculations upon the net product— or amount of prepared coal 

^t can be shipped from a given area ot an anthracite coal-seam— allowance 

t be made for the loss in mining and in preparation. This allowance will 
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yaiy with the Beam« and will he far larger in the Mammoth seam than in 
thoee which are not so thick. The result of experience in the anthracite 
region appears to be that the larger the seam the smaller, proportionally, is 
the amount of coal saved. 

Mr. Joseph S. Harris, in his report on the value of the coal-lands belonging 
to the Philadelphia & Reading Coal and Iron (Company, in 1880, estimated 
that 27^ of the contents of all the seams on the company's estate was all that 
could be shipped to market. Improved mining metnods, stricter economy in 
preparation, and the utilization of the smaller sizes, enables this percentage 
to be greatly increased, and in some instances as high as 65^ of the coal in the 
vein is shipped. This large percentage is, of course, in exceptional cases. An 
average of 45 to 50^ is about ri^ht for the amount shipped at this date. 

Mr. Fratt, of the Pennsylvania Geological Survey, tlius summarized the data 
collected on ' * Breaker waste " : 

The breaking and screening by hand in the old-fkshioned way lost 6'28* ; 
by the present breaker and screens, 15-275f : so that the breaker is to be held 
chargeable with extra loss over the old style of 9^. 

With reference to waste in the preparation of Anthracite coal, Mr. Joseph 
8. Harris, who has made experiments with the "old style" rollers, or those 
with cast-iron teeth, and the '• new style " or those with movable steel teeth 
inserted in a cast-iron body, says, with the " new style " there is a direct sav- 
ing of from 3 to 5>^ in breaker-waste, bringing down the percentage in pre- 
paring the productof the Baltimore or Mammoth seam to an average of 1^. 

SPECIFIC GRAVITY AND WEIGHT OP PBEPABED ANTHBACITE COAL. 

To Mr. Irving A. Steams, the General Superintendent of the Pennsylvania 
Railroad Company's Coal Department, we are indebted for the following 
eommary of tests made by the mining engineers of the company. 

In a series of tests to ascertain the specific gravity of the coal from dlflferent 
seams worked by the company, it was found that the average specific gravity 
was 1*4784, and the average weight per cubic foot was 92*50 fbs. This was 
calculated for space filled at breaker without settling. Add 5^ for packed 
spaces or large heaps. 

TABLE SHOWIMG WEIGHT PER CUBIC FOOT OF SUSQUEHANNA COAL COMPANY'S 
WHITE ASH ANTHRACITE COAU 



Sise. 


Sise of Mesb. 


Weight per 

Cubic Foot. 

Pounds. 


Cubic Feet from 1 


Over. 


Through. 


Cubic Foot Solid. 


Lump 


4V'to9 " 
2%"to278" 
IV' to 2 V' 

iV'tolV 
1 "to IV' 
%"to V 

V'to V 

8-16" to V 




57 

53 

52 

511^ 

6II4 

51 

bQ\ 
50^ 


1*614 


Broken 


3J4"to4V 
2%"to27V' 
lV'to2V' 
IV'tolV 
1 "to IV' 
%"to V 
%"to V' 
3-16" to %" 


1*755 


Egg 


1-769 


Large Stove 

Small Stove 

Chestnut 


1-787 
1*795 
1-804 


Pea 


1*818 


No. 1 Buckwheat 
No. 2 Buckwheat 


1818 
^ 1813 



VENTILATION. 



GENERAL PROPERTIES OF AIR AND GASES. 

(MERRIVAL'..) 

Air and gases may be defined as elastic fluids in contra-distinction from 
liquids, which are inelastic fluids. 

The elasticity of the air is used to determine the ventilating-pressure in a 
mine by means of the water-gauge. 

Digitized by VjOOQ IC 
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Air and gases are ponderable, that is to say, they have weight ; but the 
weight of a given volume depends upon its pressure and temperature. 

Pressure.— ^he weight of a given volume of any gas varies as the pressure. 
In order to find the pressure of the air, we use the barometer. 

The standard atmospheric pressure at 82° Fahr. and sea-level = 29*922 in. 
mer. = 14'696 lbs. per sq. in. = 2,116 Bis. per sq. ft = 26,213 ft. of homogeneous 
air-column = 33*9 ft. of water-column. 

To reduce a barometer reading at any point above sea-level to the corre- 
spondingreading at sea-level, the following approximate rule is given by 
Mattieu Williams in " Science in Short Chapters^' : 

To the observed reading add O'l'' for each 

85 ft. up to 510 ft. that the point is above sea-level, 
90 ft. from 510 to 1,140 ft. 
95 ft. from 1,140 to 1,900 ft. 
100 ft. when above 1,900 ft. 

Thus, 28" at a point 2,000 ft. above sea-level = 30-2" at sea-level. 

Correction for Temperature.— Mercnry expands about 00001 of its volume for 
each degree Fahr. To reduce, therefore, a reading at any temperature to the 
corresponding reading at the standard temperature of 32°, subtract ,5^ of 
the observed height for each degree above 32° ; or, if the temperature be 
below 32°, add ^obo for each degree. 

Depth of pits: 

If R =^ Reading of barometer at lower station. 
, r = Reading of barometer at higher station. 

; T = Temperature Fahr. at lower station. 

' t = Temperature Fahr. at higher station. 

I H =^ Difference of level ill feet. 

H - 56,800 (Log. R - Log. r) (1 + ^^^i) 

H 
.-. Log. R J m-r-*T-- -^ I-ofiT- ^' 



More simply : 



R 



^^'^0 + ^90^') 

l=49.CK)0(|--)(l.^^) 

^ /1?'^_(900_+ T i- t) -f900 H \ 
U»,000 (900 + T T t) — 900 Hi 



Very roughly, the mercury rises 1 inch for each 150 fathoms of depth. 

Temperature, — The weight of a given volume of any gas varies inversely as 
its absolute temperature. Absolute temperature = 459+ Fahr. temp. 

To find the weight of a given volume of any gas at any known temperature 
and pressure, 459 cu. ft. of air at 0° Fahr. and bar. 1 in. weigh 1*3253 lbs. 
Therefore, if 

V = yplume of air in cu. ft. 
W = Weight in fts. 
I ^ Barometer in ins. 
t =^ Temperature Fahr. 

_ _l:3253 ly 
459 + t" 

To find the weight of any other gas, multiply the weight of air by the 
specific gravity of the gas. 

Gas in Ooaves.— It has been estimated that the air-space in a goaf is equal to 
about one-sixth of the volume of the coal extracted. 

Gases enclosed in the pores of coal must be distinguished from the gases 
that enter into the chemical composition of coal. Sundry analyses of these 
enclosed, or occluded gases as they are called, are given in the following table : 
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OASES ENCLOSED IN THK PORES OF COAL AND EVOLVED IN VACUO AT 
212° FAHR. 



Name o' Colliery. 


Quality. 


CO,. 


0. 


CH4. 


N. 


Qvutity CG 
per 100 Grains. 


Cubic Feet 
per Ton. 


Navigation 

Dunraven 


steam. 

do. 

do. 

do. 
Anth- 
racite. 

do. 
Bitum- 
inous. 

do. 

do. 


13-21 
6-46 

18-90 
9-25 

2-62 

14-72 

36-42 

5-44 
22-16 


0-49 
0-44 
1-02 
0-34 

0-80 

105 
6-09 


W64 
84-22 
67-47 
86-92 

93-13 

84-18 

63-76 
2-68 


4-66 

9-88 

12-61 

3-49 

4-25 

110 

62-78 

29-75 
69-07 


250 
218 
147 
876 

655 

600 

65-9 

65-1 
240 


90 
78 


Cyfarthfa 

Bute 


62 
135 


Bonville's / 

Court! 

Watney's 


199 
216 


Plymoutli Iron/ 

CwmCiydach 

Bettwys 


20 

19-8 
8-6 



{Thomas.) 

TfOMpiratUm of C?a«c».— That is to say, the passage of gases through minute 
tubes, such as the pores of coal. 



Name of Gas. 


Times for Transpiration of 
EqufI Volumes. 


Velooltlee of Transpiration. 


Oxygen (O) 


1-000 
0-9030 
0-8768 
0-8787 
0-7300 
0-6510 
0-6051 
0-4370 


1-000 


Air 


1-1074 


Nitrogen (N) 

Carbonic Oxide (CO) 


1-141 

1-145 


Carbonic Acid (C0«) 


1-370 


MarahGas(CHl) 

Ethylene (C,HJ ^ 

Hydrogen (H) 


1815 
1-980 
2-288 



Practical SeaHnc 
Gases assist hewer 1 



.^Gases flow from green ooal Into workings. 
>y breaking down coal. 



Blowers. 



The Difftuion of Oases.— When two gaseous bodies are mixed together they 
gradually dififtise themselves through each other ; so that, after sufficient 
time has elapsed for the purpose, whatever may have been their relative den- 
sities they are found intimately blended; the heavier gas does not fall to 
the bottom, nor does the lighter one rise to the top. 



RELATIVE VELOCITY OF DIFFU8ION. 



Sp. G. 



)/SpTg: 



Velocity of Dlf- 
nislon,Alr being 
taken as nnlty. 



Air.^ 

Hydrogen (H) 

Harsh Gas (CH4) 

Steam (H.O).. 

Carbonic Oxide (C O) 

Nitrogen (N).. „.... 

Ethylene (C.HJ 

Omen (O) « 

So^ureted Hydrogen 

(H,8) : 

Oarbonlo Acid (C O.) 



1-000 

0-06926 

0-559 

0-6235 

0-9678 

0-9713 

0-973 

1-1056 

1-1912 

1-529 



1-000 

0-2632 

0-7476 

0-7896 

0-9837 

0-9856 

0-9889 

1-0515 

1-0914 

1-2865 



1-000 

3-7794 

1-3375 

1-2664 

1-0165 

1-0147 

10112 

0-9510 

0-9162 

0-8087 



1-000 
3-83 
1-344 

1-0143 
1-0191 
0-9487 

0-95 

0-812 



The above table shows that flre-damp mixes with air more readily than 
Btythe does ; and fire-damp, therefore, is more easily cleared away by the 
ventilating current than stythe is. ^^ .^^^ ^^ GoOglc 
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FIRE-DAMP ANALYSES. 



Name of Colliery. 


Ctt*. 


N. 


0. 


<;o,.. 


H. 




WaUsend, from pipe on surface 


92-8 
83-1 
86-0 
79-7 
93-4 
98-2 
92-7 


6-9 

14-2 

12-3 

14 3 

49 

1-3 

6-4 


00 
0-6 
0-0 
3-0 
0-0 
00 
0-0 


0-3 
21 
1-7 
2-0 
1-7 
0-5 
0-9 


00 
00 
0-0 
0-3 
00 
0-0 
0-0 


1"0*0 


Jarrow, Bensham Seftm .^ 


100*0 


Hebbum, •' 


100-0 


Jarrow, Low Main Seam 


99 3 


Jarrow, f Seam „ 

Oakwellgate, Do 


1000 
1000 


Hebburn, Coal 24 ft. below Bensham... 


1000 



{De La Beche and Lyon Playfair.) 
CHEMISTRY. 

Compounds and JS^emente.—Substances may be diyided into three classes: 

(1.) Chemical compounds— those substances which can be split up by chem- 
ical processes into two or more diflferent materials. 

(2.) Chemical elements or simple substances— those which have hitherto 
resisted all attempts to split them up into two or more difRsrent materials. 
There are at present about 63 of these bodies. 

(3.) Mechanical mixtures— substances formed from a mixturo of the above. 

ATOMS. 

The atomic theory has been adopted to explain the fact, that in chemical 
combinations elements unite in fixed proportions. 

An atom is the smallest particle of an element that can enter into chemical 
combination with other elements. 

Atoms are incapable of being divided. 

The atoms of the same substance are similar to one another and equal in 
weight. 

The atoms of diflferent substances diflfer in weight. 

The weight of the atom of hvdrogen being taken as the unit ; the atom of 
oxygen weighs 16, the atom of nitrogen 14, and so on. 

. CHEMICAL SYMBOLS. 

The atoms of the elements are represented by symbols ; the first letter or 
the name being generally taken to express the atom. 

Thus, the atom of Oxygen is denoted by O. 
" , Nitrogen " N. 

" Hydrogen " H, etc. 

These symbols represent definite weights of the respective elements. H 
represents the unit of atomic weight, i. e., the weight of the hydrogen atom, 
whatever that may be. 

O represents a weight of Oxygen = 16 Hydrogen atoms. 
N " Nitrogen = 14 

C " Carbon = 12 

The symbols and atomic weights of the elements we are interested in ai« 
given in the following table : 





tSYUBOiLB Aia> ATOMIC WEIGHTS. 




Name of Element. 


Symbol. 


Atomic Weight. 


Oxygen 



H 

N 
C 
8 
P 
. CI 
K 
Na 
Ca 
Mn 

¥« 
Fe 

Zn 


16 


Hydrogen 


1 


Nitrogen 


14 


Carbon 


12 


Sulphur 


32 


Phosphorous 


81 


Chlorine '.. 


85-5 


Potassium 


39 


Sodium 


23 


Calcium 


40 


Manganese ; 


65 


Magnesium '.'.'..". 


24- 


Iron 


56 


Zinc 


65 



M0LECt7LES AND FORMULAE. 

group of atoms forming the smallest particle of a compound which tuta 
I a free state, is called its molecule ; and the molecule of a compoi ^ 
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expressed Ijy putting together the symbols of the atoms which compose it. 
This group of symbols is called a formula. 

ThiLs the molecule of water contains one atom of oxygen, and two atoms 
of hydrogen, and may, therefore, be expressed by the formula HHO. When, 
however, several similar atoms are present, the symbol Is only written once, 
and a small number on the right or it, and a lime below, to show how many 
atoms are present 

Thus the formula for the molecule of water is HgO. 

When more than one molecule has to be represented a number is placed on 
the l^ aiid level. 

Thus four molecules of water are represented by 4H2O. 

The molecule of many of the elements consists of two atoms. 

CHEMICAL EQUATIONS. 

Chemical changes are represented by equations. 

Thus, Zn X H3SO4 = Ha -h ZnSO* signifies that 65 parts by weight of. zinc 
reacting on 98 parts by weight of sulphuric acid, form 2 parts by weight of 
hydrogen and 161 parts by weight of zinc sulphate. 

Equal volumes of all gases contain, under the same conditions, the same 
number of molecules , equations therefore, representing changes in which 
gases take part, may be read oflF at once in volumes 

If tbe volume occupied by one atom of hydrogen be taken as unity, one 
molecule of each of the gases will occupy two such volumes. Thus : 

CH4 + 20b = CO2 + 2HaO 
may be read : » 

Two volumes of marsh-gas and four volumes of oxygen, form two volumes 
of carbonic acid gas and four volumes of vapor of water. 

THE GASES. 

Oxygen.— Symbol, O ; atomic weight, 16. 

1,000 cubic feet at 32° Fahr and bar. 80 in. weigh 89*842 fts. 

()zygen forms by weight | of water, i of the atmosphere, and \ of the solid 
crust of the earth. It was discovered by Priestley in 1774 and has neither 
color, taste, nor smell. Oxygen is occasionally round amongst the occluded 
gases : but principally occurs in mines as a constituent of air. It is essential 
to life ; but, undiluted, it is not fit to be breathed for more than a short time. 
It supports combustion, and substances which burn in air burn fiercely in 
oxygen. , 

It may be prepared from a mixture of potassium chlorate four parts and 
manganese dioxide one part, mixed together and heated. The whole of the 
oxygen contained in the potassium chlorate is given off, and a compound of 
potassium and chlonne remains. 

Potassium \ f Potassium! , rk^,r„«« 
Chlorate / = j Chloride / + Oxygen. 
2KCIO3 = 2KC1 + 30a. 

The man^nese dioxide is unaltered ; in fact the oxygen could be obtained 
from i)otassium chlorate alone ; but it is found in practice that the presence 
of manganese dioxide materially assists the operation. 

Carbonic Oxide.— JFormnla., CO ; molecular weight, 28. 

1,000 cubic feet at 82° Fahr and bar 30 in weigh 78-305 lbs. 

This gas is the result of imperfect combustion When a body containing 
carbon Is burnt in air, each atom of carbon will combine with two atoms of 
oxygen to form carbonic acid gas : but, if there is not sufficient air to pro- 
vide two atoms of oxy^n for each atom of carbon, that is to say, if the com- 
bustion of the carbon is Incomplete, carbonic oxide is formed. It has been 
detected in rare cases amongst tne occluded gases ; and is also producetl by 
the combustion of coke, charcoal, and gunpowder ; and must in many cases 
be one of the constituents of after-damp. 

It has neither color taste, nor smell, but is exceedingly poisonous ; 3^^ 
in the air, if breathed for long producing fatal results. It does not support 
combustion, but itself burns with a blue flame, forming COa. Such a pro- 
portion of this gas can be mixed with air, as to form a mixture in which 
lamps will burn, and at the same time its eflect on persons breathing it 
will be speedy death. Ignorance on this point has resulted in many deaths 
in mines. 

It may be prepared from hydrogen oxalate, treated with hydrogen sul- 
phate. Carbonic oxide and carbonic acid are driven off, the latter of which 
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Is lenunred by paasfn^ the mixture through a solution of potassium hydrate : 
but» as this gas is very poisonous, it is best not meddled with by unskilled 
ons. 



[ydrogen . Hydrogen _ Carbonic , Carbonic . ivotoi. _i- Hydrogen 
OxcJate + Sulphate Oxide + Acid + *^*^ "*" ;Bulphate. 

H,C,04 + H,804 = CO + CO, + HaO + H.SG* 

ffydrogen.—Symhol.'H.; atomic weight 1. 

1^000 cubic feet at 32^ Fahr. and bar. SO in. weigh 5*5832 lbs. 

Hydrogen has neither color, taste, nor smell. It is very inflammable, 
burning with an almost colorless flame. If breathed in its undiluted state, 
it quicxly causes a very disagreeable sensation; but this is due to the 
exclusion of oxygen fix)m the lungs, and not to the properties of hydrogen, 
which is not poisonous, and may be breathed when diluted with ten times 
its volume of air, for a considerable time, without experiencing any ill 
eflfect. 

The experiments of Meyer and Thomas show that, in an explosion of 
marsh-gas and air, the whole of the maish-gas is broken up ; and, if there be 
too little air to form carbonic acid gas and water, carbonic oxide and hydro- 
gen are formed. 

It may be prepared by treating zinc with hvdrogen sulphate. The hydro- 
gen is driven off, and the zinc sulphate is left behind. 

Zinc + 8^^^^^= Hydrogen + Zinc Sulphate. 
Zn + H,S04 * = H, + ZnSO*. 

Combined with carbon in the proportion of 4 parts by weight of hydrogen 
to 12 of carbon, it forms maish-gas, the principal constituent of fire-damp. 

Hj/drogen Sulphide.— Fornml&f H.S ; molecular weight, 34. 

LCWO cubic feet at 32° Fahr. ana bar. 30 in. weigh 94*92 lbs. 

Hydrogen sulphide, or sulphureted hydrogen as it is more generally 
called, is a colorless gas, but has a strong smell not unlike that of rotten eggs. 
" It is generated in small quantities in coal-mines, more especiallv in old 
worl^ed portions, which are partly filled with water. By the action of oxygen 
diasolved in water, sulphates are formed ; props in undergoing decompmsi- 
tion in water break up the sulphate of lime, and assimilate its oxygen, the 
sulphur seizing probably the hydrogen of the wood to form hydrogen sul- 
phide." (Thomas's " Coal-Mine Gases, and Ventilation," p. 204.) 

It does not support combiution, but is itself inflammaDle, forming water 
and sulphurous anhydride (HsO + SOa). Breathed in an undiluted state, it is 
fiital to life ; and when diluted with ten times its volume of air, it produces 
sickness, giddiness, weakness, and loss of sensation. 

This gas may be prepared from protoHSUlphide of iron treated with dilate 
hydroeen chloride. Hydrogen sulphide will be given off, and iron chloride 
formed. 

Iron Proto , Hydrogen _ Iron , Hydrogen 

Sulphide "•" Chloride ~" Chloride "^ Sulphide. 

¥eS -f 2HC1 = Feci, + H,8. 

.A^tfro^m.— Symbol, N ; atomic weight, 14. 

1,000 cubic feet at 239 Fahr. and bar. 30 in. weigh 78*175 lbs. 

Nitrogen has neither color, taste, nor smell, and is incapable of supporting 
combustion or animal life, but is not poisonous, causine death when 
breathed only by excluding oxygen from the lungs. It is found in large 
quantities amongst the gases occluded in some coals; but occurs prindpaUy 
in mines as a constituent of air. 

Mixed with oxygen, it forms air, and the readiest way of obtaining- it for 
experiment is to withdraw the oxygen by the action of some substance 
which has an affinity for oxygen and not for nitrogen. Phosphorus is con- 
venient for this purpose, since it readily combines with oxygen ; and the 
compound formea, phosphorus pentoxide ((P,Ob). is soluble in water, and is 
therefore quickly absorbed when the experiment is made over the pneunifttic 
trough, leaving the nitrogen nearly pure. 

Qirbimic Acid flto«.— Formula, CO, ; molecular weight, 44. 

1,000 cubic feet at 32° Fahr. and bar. 30 in. weieh 128*45 ftw. 

Carbonic acid gas has neither color nor smell, but an acid taste. It |g 
nd in large quantities amongst the gases occluded !i; . is 

. produce in mines by the respiration of men an ^jOOQ Ic i- 
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ing of candles and lamps, and by the oxidation of the coal and other sub- 
stances. 
It extingoishes lights, and is fiital to animal life. 

It mav be prepared by the decomposition of marble by hydrogen chloride. 
Carbonic acid gas is given oflf, caloium chloride and water are £rmed in the 
vessel. 

TtTarKio -i. Hydrogen _ Carbonic , Calcium , waf^i. 
Marble + cilorfde = Acid Gas + Chloride + W**®'* 
CaCO, + 2HC1 = CO, + CaCl, + H,0 
f^e-Damp,—M.&nh-aML Formula, Cu^ ; molecular weight 16. 
1,000 cubic feet at 37^ Fahr. and bar. 30 in. weigh 45*22 lbs. 
Fire-damp is a mixture of several gases, its principal constituent being 
marsh-gas, CH4 ; but its composition varies at different collieries, as shown 
In a previous table ; and, in addition to these gases, coal-dust is often pres- 
ent. It is only found in mines as an occluded gas. 

Marsh-gas may be prepared by heating a mixture of sodic acetate and sodic 
hydrate in an iron tube. Marsh-gas Is driven off and sodic carbonate is 
formed in the tube. 

Sodic , Sodic _ Sodic , Marsh 
Acetate '^ Hydrate ~ Carbonate "*" Gas. 
NaCaH30a+ NaHO = NaaCO, + CH4. 
For making experiments ordinary coal-gas may be used, tnough it differs in 
composition ttom average specimens of fire-damp. 

COMPOSITION OP FIRE-DAMP AND COAL-OA8. 





CH4. 


H. 


CO. 


COa. 


CaH4. 


N. 


Fire-damp 

Coal Gas. 


940 
42-0 



42-0 



4-5 


1-0 





90 


60 
2-5 



The exact effects of fire-damp upon combustion and animal life depend 
upon its composition, temperature, and density ; but speaking generally, at 
ordinary temperatures and pressures, when mixed with 3*5 times its volume 
of air, it does not explode, but bums quietly ; with 5*5 volumes of air it ex- 
plodes sliehtly ; and with about 9% volumes of air the explosion is the great- 
est. Witn 13 volumes of air, it explodes feeblv ; with 80 volumes of air, it 
will show plainly on the lamp ; with 50 volumes of air. it can just be 
detected on the lamp by a skillful observer. If breathed in an undiluted 
state, it would soon cause death ; but, mixed with twice its own volume of 
air, it may be breathed for some time without 111 efftots. 

An explosion of marah-gcu and air by volume.^1) Suppose we have of CH^ 
2 volumes. 

(2) C requires O, = 2 volumes of oxygen, Ibrming 2 volumes of CO^ 
H4 also requires O, = 2 volumes of oxygen, fbrminff 4 volumes of H,0. 

(3) CH4 .-. requires 4 volumes of oxygen. But 1 vwume of air contains *21 
volumes of oxygen. 

.'. 19 volumes of air will be required for 4 volumes of oxygen. 

.-. 9K volumes of air are required fori volume of CH4. 

And the composition of the after-damp is 1 volume CO, 4- 2 volumes H,0 
(steam) + 7)4 volumes N. 

In practice, the exact composition of the after-damp will depend upon the 
composition of the explosive mixture. In every case the whole of the marsh- 
gas will be broken up and— if there be insufficient oxygen to consume all the 
marsh-gas and coal-dust, if the last be present— some carbonic oxide and 
hydrogen will be formed. In all probability, carbonic oxide is formed in the 
majerity of explosions in mines. (Thomas's " Coal-Mine Gases, and Ventila- 
tion,*' p. 323.) 

The force developed by an explosion of marsh-gas and air depends upon a 
multitude of circumstances, many of which cannot be determined in the case 
of an explosion in a mine. But in the case of a mixture of marsh-gas and air 
in the most explosive proportions, and enclosed in a strong vessel, we can cal- 
culate the force developea, as follows : 

1 lb. of CH4 burning to CO, and HaO yields about 23*550 units of heat. 
(See p. 84.) 

Let the initial temperature be 62° Fahr. = 521° absolute. 
1 lb. CH4 = 12 oz. C -f 4 oz. H, 
12 oz. C -t- 32 oz. O = 2-75 lbs. CO-. 
4 oz. H -h 82 oz. O = 2-25 ibs. HaO. 

Aoa 64 oz. Q MP^ oontained in about 17 1 



IJ^^ 
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We have then, taking specific heat at constant volume, 

COa 2-75 X -1711 = -470 units of heat to raise 275 lbs. CO- one deg. 

H»0 2-25 X -864 =« '819 do. 225 fts. H^O one deg. 

N 13-00 X '1727 =» 2-245 do. 1300 fts. N one deg. 

1800 8-534 1800 

23550 
Then the degrees the mixture will be raised are '3.534" = 6663° Fahr., and 

521 -f-6663 
the volume it will seek to attain = ^ = 13*8, i. e., the steady pressure 

due to the explosion = 18*8 atmospheres ; but to this must be added a con- 
siderably increased force due to shock, the amount of which cannot be calcu- 
lated. When it is remembered that 13*8 atmospheres are equal to 30,000 fi>8. 
Eer sq. ft., whereas the force of a hurricane moving at the rate of 100 miles an 
our Is only 50 fibs, per sq. ft., some idea of the terrific force of an explosion 
may be realized. 

At the Haswell Explosion, in 1844, Faraday and Lyell drew attention to the 
jauct that coal-dust might play in an explosion ; but, though the question has 
cropped up from time to time since, it is only recently that the matter has 
been thoroughly investigated. Mr. Galloway haa within the last few years 
proved that an explosion may be caused with coal-dust and air, without the 
presence of any gas. (See Trans. Royal Soc. 1876—1884, and "Nature," 6th 
Nov., 1884.) And it is now admitted that many of the most violent explosions 
of recent years were due in part, if not entirely, to coal-dust. (See "Explo- 
sions in Coal-Mines," by Atkmson.) 

The detection of fire-damp is usually effected with the Davy lamp : brt, 
since it has been shown by Sir Frederick Abel that, if coal-dust be preFcnt, 
l-5?( of gas in the air will render the mixture explosive, a more delicate test is 
required. The following detectors are described in the Trans. N. E. I., viz. : 
Ansell's, vol. xv. : Steavenson's, vol. xxvi. : Liveing's, vol. xxvii. ; Forbes*, 
vol. xxix. ; and Maurice's, vol. xxxvi. Chatellier has Introduced a lamp 
with screen and two shields for the same purpose. 

METHODS OP DEALma WITH FIRE-DAMP. 

Removal by Firinff. Now no longer practiced. Drainage of goaves by pipes 
to the upcast (See Faraday and Lyell's report on the Haswell Explosion), or 
by bore-noles to the surface ; both impracticable. Drainage of whole coal by 
bore-holes and gas-drifts in a higher seam might answer in certain cases. 

Dilution with Air. 

Absence of Heat. Heat is required for light and for shot-firing. The steel 
mill of Spedding about 1740. Reflected light, and fish-skins have been tried. 

The safety-lamp, due to Clanny, 1811 ; Davy and Stephenson, 1815. The 
safety of the lamp depends upon the fact that metal gauze permits air and 
light to pass, but not flame. The conducting power of the gauze is impaired 
by over-neating, broken wires, dirt, or exposure to a current of gas. 

The maximum of safety, combined with the maximum of light, is obtained 
from gauze with wires ^ to ^ in. dia., and spaced with 28 apertures to the 
linear inch. 

AIB. 

1,000 cubic feet of air at temp. 82° Fahr. and 30 in. bar. weigh 80-9 lbs. 
Air is a mixture of oxygen and nitrogen, with traces of some other gases, 
and vapor of water. Its composition varies a little in different places. 
100 cubic feet of pure dry air contain ; 

Oxygen 20-99 cu. ft. . 

Nitrogen 78-98 „ 

Carbonic Acid Qas. ^ 003 „ 



100-00 cu. ft. 

(Angus Smith,) 
100 cubic feet of ordinary air contain ; 

Oxygen 20*61 cu. ft. 

Nitrogen 7795 „ 

Carbonic Acid 004 „ 

Vapor of Water 1-40 „ 

10000 cu. ft. 

Digitized by VjOOQ IC * 
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Air is purified by diflf\ision. the wind, rain, plants, and animals. 1^ is vitia- 
ted by withdrawal of oxygen, as in the breathings of men and hoises ; the 
combustion of lamps, candles, and gunpowder; the conversion of Iron 
pyrites into sulphate of iron, 2Fe8, + 40, = 2FeSOA + 8- ; the oxidation of 
small coal ; Ac, <&c. And vitiation by the introduction of foreign substances, 
such as the occluded gases, the products of combustion and respiration, 
vapor of water and coal-dust. 

Angus Smith considers that two miners, using 3^ lb. candle and 12 oz. 
of powder, will produce 25)4 cu. ft. of CO, in 8 hours. Thomas, quoting 
Boussingault. says that a horse will produce 155 cu. it. of CO3 in 24 hours. 
But the quantity, both in men and horses, is very variable, and, as certain 
organic exhalations are also given off in breathing, which, though they may 
not be capable of detection by chemical analysis, are more deleterious than 
CO,, no estimate of the volume of air required can be formed firom an at- 
tempt to calculate the CO. produced. 

The quanti^ of air required depends upon the condi tions of each mine. In 
the North of England, the volmne seems to vary iVom 100 to 500 cubic feet 
per minute per person employed, and from 80 to 160 cubic feet per min. per 
ton of coal worked per day. The velocity in the workings should be about 
four feet per second. 

NATURAL VENTILATION. 

In order to understand the theory of natural ventilation, it most be remem- 
bered that the height of the atmosphero does not follow the undulations of 
the earth's surface, but that its outer edge is everywhere equi-distant 
from the earth's center, and that if it is 50 miles high from the 
bottom of a valley it will only be 47 miles high from the summit 
of a neighboring mountain which is 8 miles high; fh)m which it 
follows that the pressure at the summit of the mountain is always 
less than it is at the bottom of the valley. Hence, if two shafts are 
sunk from different sur&ce levels to the same level of a seam and are 
connected by an air-way, and there is a difibrence in the temperature of the 
air inside and outside 01 the mine, there will bea current of air created, be- 
cause the density of the columns of air in the two shafts will differ. 

To illustrate this, let A B be a shaft UK) £eet deep and 
C D another shaft 200 feet deep, connected at the hot- N. 
torn by the heading B D. Suppose the air inside to be ^ ' 
the warmest, as in winter, and for example let the 
air inside weigh one-half ounce per foot of shaft per 
square yard of section, and the outside air weigh r \ 

three-fourths of an ounce for the same bulk ; then the ' '"' 
relation between the two shafts would stand thus : 

Shallow shaft, 100 feet at }^ ounce per foot 60 oz. 

Outside column from A to £ at ^ ounce per 

foot and 100 feetequal 75 oz. 

Total .~125ozT 

Deep shaft, 200 feet at j^ ounce per foot 100 " 

Difllbrence 25^ 

The balance in &vor of the shallow shaft, 25 ounces, will make the shallow 
shaft the downcast by a pressure equal to 25 ounces per square yard of section. 
If the temperature outside were the highest, as in summer, this lesult would 
be reversed. The difference of weight between the air in the deeper shaft 
from F to C and the imaginary column A E is the pressure producing ventila- 
tion. * 

In the case of a drift driven into the side of a hill with an air-shaft opened 
to its summit under similar conditions, the same results are produced. The 
difference in the weight of the air in the shaft and of an imaginary column 
in the open air, fh)m the mouth of the drift to the level of the top of the 
shaft, is the pressure producing ventilation. In winter, when the tempera- 
ture inside the drift is warmer than the air outside, the current will be up the 
shaft, but in summer, when the outer air is the warmer, the current will be 
reversed, and the direction will be out the drift. When the temperatures 
inside and outside are equal there will be no current. Natural ventilation, 
on aecoiint of its feebleness and liability to derangement by change in the 
temperature of the atmosphere at the surface, is inadequate for operations of 
considerable extent, and recouise must be had to artificial ventilation. 
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FURNACE VENTILATION. 
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The oliiect of a ventilatine fUrnace is to strengthen the natural current, 
which it does by imparting aaditional heat to the upcast column, and so re- 
ducing its density. When air is heated by contact with the flre,.it is li^bt- 
ened and is no longer able to resist the pressure of the colder air behind it. 
The higher the temperature is raided, the greater the velocity of the cunent, 
and the larger the quantity of air obtained. 

The air after passing the furnace is enlarged in volume, and, therefore, the 
upcast shaft should be larger than the downcast, to keep down the velocity 
of the current. It should also be lined and dry, so as to hold the heat. If 
the upcast is cold and wet, the larger it is the greater will be its cooling-sar- 
teuce, and under such circumstances the upcast ahaft should not be too 
large. If the return current of a mine is loaded with fire-damp, or black- 
damp, it should not be passed through the furnace, as the one may explode 
and the other partially extinguish the fire. In such cases, the current is car- 
ried over the furnace to the heated upcast in a " dumb drift," which enters 
the upcast shaft about 50 feet above the furnace ; the furnace being fed by a 
separate split fh>m the surfcice. The fUmace should be located about 50 yards 
from the upcast shaft, and the ftirnace drift should rise 1 in 6 team the furnace 
to the shaft. In practice the amount of air passing varies from 4,000 to 8,000 
cubic feet per minute for every foot breadth of bars. 

All other things being equal, the amount of air obtained varies as the 
square root of the depth of the shaft. 

To illustrate one of the methods of ascertaining the v 4 / 
amount of ventilation obtained with a ftimace, in the fol- \^f 
lowing diagram let AB and CD be two shafts,, each 459 feet 
deep and 10 ft. by 10 ft. connected by the airway DB, of the 
same size and length as either of the shafts. Let F repre- 
sent location of the furnace. 

Let the temperature of the downcast and air-way be 50°, 
and the average temperature of the upcast be 100<^, then 
the ftimace wUl have raised the upcast temperature 50°, 
and as the shaft is 459 feet deep and 459 feet of air expand 
one foot for every degree of heat added to it, it fbllows that 
the ftimace, having added 50° will have expanded the 
upcast column of air 50 feet, or, to put it more plainly, the 
furnace has forced a quantity of air out at the top of the upcast equal to what 
would fill 60 feet of the shaft at a temperature of 100°. 

To find the weight of this column of 50 feet, first find the weight of one foot 
of air at 100°, and as this varies with the pressure, as shown by a barometer, 
suppose the pressure equal to 30 inches of mercury ; then find the weight by 
the formula. 

^TdVloS^^ ^ '^^^^ ^- ^ "^^^^^^ ""^^^^ ^'^*- 
As 0711246 fts. is the weight of one foot at 100°, 50 times that amount will 
be the weight of the column. 
•0711246 

60 

8-5562800 = weight of 50-foot column. 
Therefore a pressure of a little over three and one-half pounds per square 
foot is producing the ventilating current under these conditions. 

Having found the pressure, now find the rubbing-surface presented to the 
air, in both shafts and airway, so as to get at the resistance which the pressure 
has to overcome. Each shaft 10 feet by 10 feet = 100 feet area, and the four 
sides, 10 feet each, makes 40 feet around each shaft and airway. This is the 
perimeter, which, multiplied with the length, gives the rubbing-surfiace : 
Depth, 469 feet. 
Perimeter, 40 
Rubbine-surface, 18.360 square feet in each, and, as all three are 

one size, three times this quantity is the whole rubbing-surfece : 

18,360 

3 

56,080 feet = total rubbing-surface. 

The next factor required is the co-efficient of friction ; that is, the pressure 

required to overcome the resistance of the air in rubbing against the surface 

•^f the passages of a mine exposed to the current. This is got by experiment, 

d hac been found to vary with the character of the surfiwes expo^ to the 
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omrent. Most authorities use the co-efficient '0000000217 pounds pressure per 
square foot of area of air passage for everv square foot of rubbing-surfiEu^e ex- 
posed to the current moving at the rate of one lineal foot per minute. 

If the pressure per square foot is multiplied by the area, the product vrill be 
the total pressure, = 355-623 pounds, and, if the rubbing surface is multiplied 
by the co-efficient of friction, the product will be the pressure required to over- 
come the friction at a velocity of one foot per minute = '0011952360 pounds. 
As the resistance is in proportion to the square of the velocity, if the whole 
pressure is divided by the pressure necessary to overcome the friction at a 
velocity of one foot per minute, the result will be the square of the veloc- 
ity, the square root of which is the velocity itselt 

355-623 njyyfio. 

-0011952360 *" ^'°^ 

and ^ 297,538 = 545 feet, the velocity per minute. The velocity multiplied by 
the area of the air-way gives the quantity passing. 
Velocity 545 

100 

54,500 cubic feet. 
Tills is the work of a flimace under these conditions against friction. If 
' there was no friction to be taken into consideration, the result would be much 
greater. 

The power obtained by f^imace ventilation is measured by the differeuce 
between the weight of the air in the downcast and upcast shafts. The length 
of the column in the downcast shaft, which would be equal in weight, to the 
difference of the weight of the air in the two shafts, is called the motive 
column. 
The motive-oolimm is usually found by the formula : 
Let M = motive-column 

T = temperature of upcast 
t = temperature of downcast 
D = depth of downcast ; 

and then M^DjrqT^ 

In the present case it may be found by dividing the pressure per squar, 
foot, 3-55623 pounds, by the weight of one foot of the downcast air-column 
which, found by the formula already given, is -0781113 pounds. The pressiure 
per square foot divided by this = 45-52 feet, the length of the motive-column. 

Under these circumstances, then, the air in the downcast would balance 
that of the upcast with a column 45-52 feet shorter than that in the upcast 
This may be taken to be a vacuum. The theoretical velocity of air in rushing 
into a vacuum is the same as the velocity that a falling body would attain at 
a depth represented by the length of the vacuum, or the velocity is 8 times 
the square root. In this case it would be8 X ^ 45-52 = V 46-52 x 8 = 53*968 ft. 
per second, or 53-968 X 60 = 3,23808 feet per minute, or 8,238-08iX 100 - 323,808 
cubic feet fbr the whole air-way. The actual current secured, therefore, is 
much smaller than the theoretical result, owing to the resistances the air 
meets with in its passage ; the amount of ventilation obtained from the mo- 
tive column depending on the length and sectional areas of the air-ways. 

FRICTION OP AIR IN MINES. 

Friction is produced by something rubbing against something else, and 
friction in ventilation is the result of the air-cunent rubbing against the sur- 
faee of the passages through which it is moving. 

When the barometer reads 30 inches the pressure 

on all surfeces exposed to the air is 2120-25 pounds ^ B 

per square foot. In figure 1, let AB represent an 
air-way. 4 feet wide, 4 feet high, and 1,500 feet in 
length. The amount of sur&oe in this air-way 
against which the air presses as it moves along is 
4 + 4 + 4 -f 4 = 16 feet for each foot of its length, 
and as it is 1,500 feet long— the total amount of 
pressing surface will be 16 times 1,500 or 24,000 Fig. 1. 

square leet. As the pressure per square foot, as be- 
fore stated, is 2120-25 pounds, the total pressure on this air-way will be 24,000 
times 2120-25 or 5,128,600,000 pounds, or 25,443 tons. 

If an air-way only 4 feet high, 4 feet wide, and 1,500 feet long bears a pres- 
sure of 25,443 tons, it is not diffioult to see where friction comes fh>m. 

FricUon is the result of the air which exerts the great pressure Just shown, 
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rubbing against the surfaced of the air-waya, and It necessarily follows that 
it will mcrease or decrease as the surface of the air-ways is increased or de- 
creased, providing the velocity at which the air is passing- remains the 
same— that is, the friction isdoubled when the surface of the air- ways is doub- 
led, and it follows also that if the rubbing surface is doubled, the friction 
doubled, and the distance that the air must pass over doubled, the 
total pressure putting the air in motion must also be doubled to produce the 
same velocity of the air-column and to furnish the same Quantity of air. 
Hence, if a given pressure is moving air in an air-way 500 yards long, and the 
air-way is extended to 1,000 yards in length, the resisting surface will be 
doubled, the length the air has to pass will be doubled, and the pressure will 
also have to be doubled to maintain the same velocity and quantity. 

This leads to the consideration of another condition as regards the extent 
of the resisting surface. In ventilation, pressure is measured by an instru- 
ment known as the water-gauge, which is a meas- 
ure of the difference of the density of the Intake and 
return air. and consequently is a measure of the 
amount of pressure putting the air in circulation ; 
that is, when an exhausting machine is used, it is a 
measure of how much less pressure is on the outlet 
than on the inlet, and when a forcing-machine Is 
used, of how much morejpressure there is on the in- 
let than on the outlet In speaking of pressure the 
terms are used which express its force on every 
square foot of the area of the air- way. 

In case of twoair-waysof unequal area but of equal 
rubbing surface— the smaller one can be so much 
longer as to make up the difference— with the same 
total pressure the velocity will be the same, as both 
present the same resistance, bat the total pressure 
spread over the larger one will be less per square 
foot than on the small one, and the quantity or vol- 
ume of air obtained will be in proportion to their 
areas. This principle may be illustrated by figuies 
2 and 3. In figure 2, let A B be an air-way 4 feet 
high and 4 feet wide, and 1,000 yards long ; then the 
sum of its four sides is 16 feet, and it will have 16 
square feet of rubbing surface for every foot of its 
length, or 48,000 square feet 

In figure S'let the air-way C D be 8 feet high, 8 feet 
wide, and 500 yards lonff ; then the sum o€ its four 
sides will be 32 and it will have 82 square feet of rub- 
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bing surface for every foot of its length, or 48,000 square feet. 

It is thus seen that the friction in both these air-ways is alike because their 
surfaces are equal, and to move air in either at the same speed will require 
the same total pressure because the resistance is theisame. 

If they are subjected to the same total pressure, and the pressure upon the 
large one, the area of which is 64 square reet, is 1 pound per square foot, then 
the pressure upon the small one, the area of which is but one-fourth as much 
as that of the larger or 16 square feet, will be 4 pounds per square foot. 

Then, as the velocity is the same in both air-ways with the same total pres- 
sure, while the small air-way is passing ten thousand cubic feet, the large one 
will pass forty thousand cubic feet. Hence, the large air- way will give four 
times as much ventilation as the small one, with one-fourth the i»essure per 
square foot, or one fourth the water-gauge, although the total pressure is 
eoual for both. 

If the large air-way is made as long as the small one, to continue to obtain 
fbur times as much air, will require one half the pressure per square foot, 
that is on the small air- way or twice the total pressure. This is a forcible il- 
lustration of the great superiority of large air-ways over smaller ones. 

The next law to consider is that governing friction at different yelocitteii. 
If the pressure is increased, the speed of the air-column and quanti^ of air 
obtained will also be increased, but not in the same proportion. Foar 
times the pressure will produce double the quantity ; nine times will 
produce three times the quantity, and sixteen times the pressure will 
give four times the quantity of air, and in that proportion. Tfie quan- 
tity of air obtained wiU vary as the square foot of the pressure applied—the pres- 
sure per square foot of the area— and the pressure will vary as the square of 
the velocity of the air-column or quantity obtained, If the pressure is w- 
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duced lo one-quarter M.the quanUty obtained will be one-half (V^) or the 
s-iuare root of Hi), ana if the pressure is reduced to one -ninth (|), the quan- 
liiy obtained will be one-third Og), and in that proportion. 

It will assist to understand the principle that the pressure required to mere 
air varies as the square of the velocity of the air-current or the quantity ob- 
tained, to imagine an air-way with something that can be seen moving 
through it. Air is invisibie, and it is difficult lo ^rasp a conception of its 
motions. In figure 4, let A B be an air-way four teet niKh, four feet wide, 
and, therefore, of sixteen square feet area, and eight hundred feet long, 
divided for illustration into eight divisions of one hundred feet each, with a 
columu of steam moving !;hrough it at a velocity of one hundred feet per 
minute. Suppose the pressure putting the column of steam through the air- 
wav be two pounds to the square foot. Imagine the column of steam to be 
divided into blocks of 1 cubic foot each. It will be noticed that these blocks 
(Sixteen in number), as represented in the mouth of the air-way, in moving 
through it, rub against its sides as follows : 
Block 1 has 2 sides rubbing. 



2 


" iside 


8 


" Iside 


4 


" asides 


8 


" iside 


12 


•' Iside 


16 


" 2 sides 


15 


" Iside 


14 


" 1 side 


13 


" 2 sides 


9 


" 1 side 


5 


" iside 


Total 16 Sides 



' Fig. 4. 

or 16 square feet. Blocks 6, 7, 10, and 11 have no sides rubbing, and, there- 
fore, create no friction. These blocks, which move at a velocity of 100 feet per 
mmute, will every minute move the length of one division of the air- way and 
rub against 100 feet lineal, or 1,600 square feet of rubbing surfELce. and in 
eight mlnates will move the AilL lens^th and rub against 800 feet lineal or 
24.000 square feet, the aggregate rubbing surface. Suppose three times the 
(quantity of steam is required. This will necessitate moving the column three 
times as fast. If the blocks, then, at a velocity of 100 feet per minute, moved 
through one division of the air-way and rubbed against 100 feet lineal, or 
1.600 square feet of rubbing surface, at a velocity of 800 feet per minute, they 
will move through three divisions of the air-way and rub against 800 feet 
lineal, or 4,8'K) square feet of rubbing surface. They will thus meet with 
three times the rubbing surface or friction in a minute, and if the pressure 
jier square f.K>t was onginally 2 pounds, it will have to be increased three 
times and raised to 6 pounds per square foot, 2 pounds X 3 = 6pounds. But 
there is another force that must be taken into consideration. The blocks, in- 
st jad of striking against the rubbing surface with a momentum gained from 
a velocity of 100 feet per minute, as in the first instance, strike against it with 
a momentum gained from a velocity of 300 feet per minute. Thus, each 
block will also create a resistance, from the greater momentum acquired, three 
i.mes greater than before, and thus require the pressure to be again increased 
three times, and raised from 6 ftw. per square foot to 18 lbs.; 6 lbs. X 8 = 18 lbs., 
or 9 times the original pressure of 2 fibs. 
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Fig. 7. 



From figures 5, 6, and 7 a proper conception of the relative pressures upon 
the area of the air-way, made necessary by the greater friction developed by 
the changed conditions, may be obtained 

Fiifiire 5 represents the area of the air- way with a pressure of 2 fi)s., per 
square foot or a total pressure of 2 Bbs, x 16 = 32 Ibjj. ^ t 

*^ ytizedbyCjOOgle 
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Figure 6 represents the area of the air- way. with the pressure per foot In- 
creased three times to overome the friction developed in the triple rubbing 
surface passed over m the same time— one minute— which is 6 Bw. per square 
foot, or a total pressure of 6 fcs. x 16 = 96 lbs. 

Figure 7 represents the area of the airway, with the pressure increased three 
times to overcome the resistance due to the triple amount of rubbing-surface 
passed over in the same time, and again increased three times to overcome 
the friction developed by the blocks striking the rubbing surface with three 
times the momentum attained from three times the velocity, or 3 X 3 = 9 
times 2 ft>s. = 18 lbs., making a total pressure of 18 lbs. X 16 = 288 ftw. Nine is 
the square of three, and the presmrCt ther^ore, varies as the square qf the velocity or 
quantity obtained. 

Another and perhaps the most important principle involved in the friction 
of air in mines, is the relation between the power expended and the result 
obtained, or the units of work given out and the velocity or quantity of air 
produced. How the pressure applied to each square foot of the area is affected 
by changes in the velocity has been explained. It remains to explain how 
the power of units of work given out are affected by the velocity. It has been 
shown that the result or quantity obtained is in proportion to the square root 
of the pressure, and that the resistance or Mction developed is in accordance 
with the square of the velocity or quantity obtained, as is also, as a matter of 
course, the pressure necessary to overcome it. 

The velocity or amount of air obtained is in proportion to the cube root of 
the power expended, and the power necessary is in proportion to the cube of 
the velocity or quantity of air obtained. It may seem strange, if a fan driven 
by an engine or ten horse-power produces 10,000 cubic feet of air per minute, 
and it is desired to increase the quantity of air to 40,000 cubic feet per minute, 
that it will be necessary to obtain an engine of 640 horse-power or 64 times 
larger, but it is nevertheless true. 

Before this law can be understood a proper appreciation of what is meant 
by the term power must be had. It is of the greatest importance that the dif- 
ference in the meaning between the terms "pressure" and •' power," as used 
in ventilation, be borne in mind. Pressure is the force on eacn square foot of 
the area of the air-way, which is overcoming the resistance, while power is 
this force multiplied by the amount of displacement it fs producing or the re- 
sult it is accomplishing in a given time. As explained in *' Mechanics,** work 
is the product of the force multiplied by the displacement it produces in its 
point of application. In this definition the force is supposed to be constant, 
and the point of its application to coincide with the direction of the force. In 
expressing the work done with a force, the units of weight lifted through a 
unit of height, as in pounds lifted one foot, called foot-pounds are em- 
ployed. The rate of working of a machine or the " power " ft develops is ex- 
pressed by the units of work done in a unit of time, as in foot-pounds per min- 
ute, or in conventional units called horse-powers. One horse-power is equiva- 
lent to 33,000 foot-pounds per minute, or 83,000 pounds lifted one foot high in 
one minute. Thus a macnine that can raise 12 tons through a height of 10 
feet in two minutes is rather more than 4 horse powers. This may to proved 
as follows : 12 tons reduced to pounds is 26,880 pounds, which multiplied bv 
10 feet gives 268,800 pounds lifted through one foot, or foot-pounds, and divideci 
by 2 gives 134,400 pounds lifted through one foot in one minute, and this divi- 
ded by 33,000, the number of foot-pounds in a horse-power, gives 4*07 horse- 
powers. 

To find the power exerted by a steam-engine, the load or total pressure on 
the piston is multiplied bjr the number of feet the piston travels with the 
load. The result thus obtained represents the units of work or foot-potinds, 
and divided by 33,000 gives the number of horse-powers. On the same prin- 
ciple, when it is desired to find the horse-powers exerted by a fan in moving 
a current of air, the pressure per square foot, as represented by the diflbrence 
of water level in the two columns of the water gauge reduced to pounds, is 
multiplied by the number of cubic feet passing per minute. This result is the 
units of work or foot-pounds, and divided by 33,000 gives the horse-powers 
exerted by the fan. 

The water gauge reading simply gives the pressure expended on each 
square foot of the area of the air-way, and therefore the reason why the pro- 
duct of these two factors is the units of work requires explanation. The sec- 
ond factor or the quantity of air passing is found by multiplying the total 
area of the air-way by the velocity or the quantity passing per foot per min- 
ute. Then in the multiplication of the two factors— the water gauge reading 
and the quantity passingf per laiuute— tbe pressure per square foot muUlpUea 
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hy ttie number of sqoaie feet in the area of the air-way, then by the yelocity 
or the lengrth of the air-column passing in a minute. This is the same as If 
the total pressure had first been found by multiplying the water gauge read- 
ing, reduced to pounds by the area of the airway, and then multiphing the 
result by the velocity or the length of column passing in a minute. The total 
prewore exerted by the fan would then represent, in the case of an engine, 
the load on the piston, and the length of tlie air-colmnn passedper minute 
or the yelocity would represent the distance or piston speed, This may be 
fhrther illustrated by an example : An air- way 2 feet hieh by 2 feet wide is 
passing 4000 cubic feet of air per minnte vrith a pressure of 1 pound ; then the 
units of work are by the rule : 

1 

4,000 

4,000 
foot pounds per minute. But the area of the airway is 

2fl;. 
2ft. 

4 square feet = area. 

And as the pressure is 1 pound, the total pressure will be 4 pounds, and the 
quantity parang per minute (4000 cubic feet) divided by the total pressure, 4 
pounds, will give 1,000, the velocity or length of column passing in a minute. 
Then: 

lib. =3 Pressure 
4 = Area 



4 
1,000 = 



= Total pressure 
. Velocity 




4,000 = foot-pounds per minute 
or the same result. The total pressure repre- 
sents the weight to be lifted and the velocity or 
length of column passing in a minute, the 
height it is lifted tnrough in a minute, and Fio. S. 

their product is converted into horse-powers by 

dividing it by 83.000. Hence, a fan that is working with one inch of water 
gauge and discharging 33,000 cubic feet of air per minute is exerting a little 
more than five theoretical horse-powers to overcome the resistance of the air 
at that speed, and if to do this work an engine of 10 horse-power is required, 
we know that 50< is wasted, in friction in the machinery and in transmission 
between the boilers and the result. 

This is what is meant by power in ventilation, and that the power required 
varies as the cube of the velocity or quantity passing, and the velocity or 
Quantity passing as the cube root of the power is demonstrated as follows : Let 
ngure 8. represent an air-way of four square feet area, with a pressure of 
1 pound per square foot, and 4 pounds total pressure, giving 1000 cubic feet 
or air per minute. The unit of work found by multi]Mying the pressure by 
the quantity passing will be 

1 
1000 

1000 = foot pounds. 

To put three (3) times the quantity through or 3000 cubic feet per minute, 
will require three (3) times the velocity. But it has been shown that three (3) 
times the velocity will develop nine (9) times the resistance and require nine 
(9) times the pressure, or the square of the increased velocity, which is nine (9), 
times the pressure, or the square of the increased velocity, which is nine (9), 
to overcome it. Hence, it follows that if the velocity is trebled that each 
pound of pressure in the air- way will have to be increased to nine (9), 
making a total pressure of 36 pounds. Now as the power exerted is found by 
multiplying the pressure by the velocity, this nine (9) times the pressure 
required to overcome the resistance must also be multiplied by three (3), the 
ratio of increase of speed. As the new pressure required Is nine (9), or the 
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Bqoare of the increased velocity, the new power required will be 27, or tl 
cube of the new velocity. 

8 = new velocity. 
8 

9 =« square of velocity = new pressure. 

3 I 

27 =« cube of velocity « new power. 

In the first instance the units of work were the pressure, 1 pound, multi^ied 
by the quantity 1000 cubic feet, making 1000 foot-pounds per minute. Now i 
the units of work are the pressure, 9 pounds, multiplied by the quantity, 8000 
cubic feet, makinjf 27,000 foot pounds per minute ; so that the increased veloc- 
ity has been cubed, giving 27 times the original power or foot-pounds per 
minute. And if the power increases as the cube of the velocity, as a matter 
of course, the velocity or quantity of air obtained by diflferent poweis will 
vary according to their cube roots. Therefore, in case a ftirnace is used in 
ventilating, it will require eight (8) times the coal to double the quantitv of 
air, twenty-seven (27) times to treble it, sixty-four (64) times to quadruple it, 
and so on in that proportion, and if a fen is used, the increase of coal neces- 
sary to raise steam will be in the same ratio, as the same law controls in both 
cases. The law seems complicated , but it is only the simple law of mechanics 
by which the power of a steam engine is founa, vi« : the load or resistance 
multiplied by the volume passing or distance traveled in a minute or any 
unit of time. 

Mr. J. J. Atkinson, In his admirable work on "Friction of Air In Mines," 
savs with regard to the co-efficient of friction that "for a velocity in the air 
of 1000 feet per minute, the friction is equal to 0-26881 feet of air-column of 
the same density as the flowing air, which is equal to a pressure, with air at 
82°, of 0*0217 pounds per square foot of area of section. Calling this the co- 
efficient of flriction, we have the following rules with respect to the friction of 
air in mines: 

Total pressure, p a =» ib « v*. Rubbing, surface, « =- ^-^ 
Square of velocity, v' = ^- 
Ck)-efficient of friction, k = ^ 

k 8 V* 

Pressure per foot, p = 

Area of section, o = — - 

Where p = pressure per square foot ; a = sectional area in feet ; 8 — the 
area of rubbing-surface exposed to the air, v = the velocity of the air in 
thousands of feet per minute, 1000 feet per minute being taken as the unit of 
velocity ; k, the co-efficient of friction in the same terms or unit as p is 
taken. 

The co-efficient varies with the nature of the rubbing-surface, and conse- 
guentl V may be different in the diflferent air-passages of the same mine. The 
following plan may be adopted for ascertaining the friction of air in a pas- 
sage : Place a gutta-percha tube of small section along the portion of the 
gallery, the friction of which it is desired to know ; close the end of the 
tube fixed opposite to the current, and place a water-ganj?e on the clf>snre, 
and the instrument will then show the difference of pressure at the two 
extremities of the tube. Then the water-gauge multiplied by 5'2 ^ p in 
pounds. 

SPUTTING THE CURRENT. 

By splitting the air-current, the ventilating-power is economized and 
greater safety in the mines secured. The former will appear from what has 
already been said with regard to friction of air in mines. Greater safety is 
secured because a larger amount of ventilation is obtained with the same 
power, and also because the fire-damp given off from one set of workings is 
not passed through the others, but directly to the returns, thereby diminish- 

-j the liability of its Ignition ; and even should an explosion occur its 
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efl^ts are confined chiefly to the workings ventilated bjr the split In ques- 
tion. A minor advantage is that the velocity of the air-current can be made 
much less, and there is less liability of the flame being forced through the 
^uze of the safety-lamp, which happens with a velocity over 6 feet per second . 
Of course, the speed of the current In the main Intake and returns should not 
be limited by the above ; there will be little liability of the presence of au 
explosive mixture in the intake, and special rules and precautions can be 
taken at all times with reference to traveling in and the use of lights in the 
returns. 

The sub-division of the air-current may be carried too far, for should the 
current be too weak it will &iil to cause the rapid mechanical mixture of the 
light carburetted hydrogen with the current, which is necessary to prevent 
a lodgment of gas in the nigher parts of the workings, since diffhslon acts too 
slowly to be of practical use. Since the air-currents will pass through the 
various splits in such a manner that the total resistance met with is a mini- 
mum, the division should be so effected that the amount passing through 
each split, and the resistance met with in each split, are the same. Although 
this result can only be attained in an approximate manner, still a great 
economy will be attained if this aim is kept in view in laying out the various 
workings, or rather in dividing the current among the workings. 

ASCENSIONAL VENTILATION. 

By ascensional ventilation is meant the taking of the intake current at 
once to the lowest level in the mine, and thence leading it through the 
workings, always in an ascending direction. This principle is only applicable 
where the seams have a considerable inclination. It is baseq upon two 
considerations. First— The intake current Is supposed to be always cooler 
than the return ; its tempeirature is gradually raised as it passes through the 
wcKckings. The air-current has, therefore, a natural tendency to ascend 
whilst i)assing through the workings, and by making the direction of the 
current to coincide with this natural tendency the current is materially 
assisted by the latter, whilst in the reverse direction it would be opposed bv 
it. Second—In mines containing fire-damp, this being lighter than tnc air, it 
will tend to rise, and if the direction of the air-current is ascensional, this 
tendency will help the air-current to remove it ; whilst, on the other hand, 
if the direction of the current be downward, the natural tendency of the air 
to rise will oppose its removal by the air-current. 

In highly inclined seams, where there are numerous connections between 
th§ levels, this principle must be carefully observed, or there will be a grea 
loss of air. Exhaustive experiments have been made in Belgium to ascertain 
the advantage of ascensional ventilation, and it has been demonstrated that 
tlie loss of air, where attention is not paid to it, is from 33 to 50 per cent. 

MEASUREMENT OF VENTILATION. 

Three methods have been employed for the purpose of ascertaining the 
velocities of the currents and the quantities of air circulating in mines. 

1. I^vding at the same vdoeity cis the current and noting the distance passed 
over in a unit of time.— This was* a very primitive mode, but no doubt when 
used it gave a £Eiir approximation to the truth ; for recent experiments have 
proved that it admitted of great accuracy for velocities up to 400 feet per 
minute. It was open to many objections, and would be utterly unsuited to 
the large mines now existing, since it would be impossible to walk as quickly 
as the currents travel in the principal splits, and running is not a sufficiently 
steady pace for the nurpose. The process was as follows : Choice was made 
of a part of the gallery forming the air-way, having as uniform sectional 
dimensions as could be found, and, after measuring off a distance of a hun- 
dred or a hundred and fifty yards in length, the operator took a lighted 
candle, and walked in the direction of the current, rally exposing the name 
to its influence, but taking care to move at such a rate that the flame would 
bum in an upright position without being deflected from the vertical either 
by the current or by the progress of the person carrying it. The time re- 
quired to traverse the distance measured off being carefully noted by a 
seconds watch, the average rate of walking was thereby determined, and 
three or four trials served to give the assumed velocity of the air-current. 
This, multiplied by the average sectional area of the part of the air- way 
selected for experiment, was taken to represent the quantity of air passing iv. 
the unit of time. 

2. Determining from observation the rate ai which smaU floating particles are 
carried along by the current, and assuming their velocities to be identical with that 



qf the air-current iterf/l— Until recently, observations of the velocity of thb 
smolce from an exploded charge of gunpowder, in a part of the eallety of 
nearly uniform sectional area, were the means most generally adopted In 
coal-mines for ascertaining the velocity of air-currents. They are still con- 
siderably used, and, so far as regards shaft velocliies, they remain the only 
method. For this purpose an even part of the road should be selected, from 
50 to 100 feet in length, and Its cubical contents In feet ascertained. Then 
let off a flash of gunpowder at the windward end of the channel, and 
observe the number of seconds the smoke is in passing to the other end. 
Then say, as the time <in seconds) in passing Is to the cubic area, so is 60 
seconds to the number of cubic feet passing per minute. 

Example : Length of channel selected, 50 fleet ; height, 7 feet ; width, 7 
feet ; time in passing, 8 seconds. What Is the amount of air ? 

60X7X7=2450 cubic feet, area ; then as 8 : 2450 :: 60 : 18,375 cubic feet per 
minute. 

Mr. F. G. Clemens, M. E., In a paper read before the May (1881) meetine of 
the Mining Institute of Pennsylvania, laid down the following rules for the 
use of gunpowder in ascertaining the velocity of air-currents In mines: 
-FYr«<.— Always use one cubic inch of gunpowder. Second.— The velocity of 
the current should never be less than 100 feet a minute nor exceed 500 feet a 
minute. Third.— The time should not be less than 12 seconds nor exceed 80 
seconds. J^bMr^A.— -Explode the gunpowder 10 feet to the windward of the 
flrst mark. Therefore, In slow currents of ftom 100 to 250 feet per minute 
velocity, the distance to be taken over which the smoke passes will be 50 
feet ; and for the higher velocties of firom 250 to 500 feet the distance will be 
Increased to 100 feet. 

8. With the Anemometer.— Thin apparatus is of various forms, and may be 
divided into three classes. 

Those having vanes or wands made to revolve by the current of air Imping- 
ing upon them, the rate at which they revolve being indicated by pointers on 
dials forming a part of the instrument. They include Blram's ana others. 

Instruments which are affected by the force or Impulse of the wind, without 
being subjected to any continuous revolving motion. These include Dr. 
Lindas and others. 

Those of a more complex character, such as Leslie's. 

Blram's anemometer Is In general use In this country. Each revolution 
of the vanes, which Is registered on the dial-plate, corresponds to one foot in 
the linear motion of the air. Then, if the velocity per minute Is multiplied 
by the sectional area of the channel in which the anemometer is placed, the 
result Is the number of cubic feet of air passing per minute. 

These Instruments do not register the actual velocity of the air, especially 
in feeble air-currents, but the result Is so nearly correct that they answer all 
purj^ses. A certain force of air is required to overcome fHctlon and put 
the instrument In motion. The force varies with each and every Instrument 
Some anemometers will continue to revolve in a current as low as 30 feet a 
minute ; but with the most of them a velocity of 50 feet is required, and 40 
feet is recommended as an average allowance to be made to start them. The 
formula used for true velocities Is : 

V=-97R-H0. 

V=True velocity. 

R=«Recorded revolutions. 

40= Feet allowed to start anemometer. 

The following rules are given for every-day use : 

First. Use the recorded revolutions of the anemometer as correct ; do not 
bother with any formula. 

Second. Measure always at the same time of day, say noon, when the men 
are at dinner, the cars at rest, the doore most likely shut, and the ventilation 
moving along its proper channels. 

Third. Always use the same places in the air-ways and see that they are as 
regular and straight as possible. 

Fourth. Take the record at several points, say at top, bottom, and center, 
and the two sides, and use the average of these records for the velocity of the 
current. 4 

The following rules are used at some of the collieries In the North of Eng- 
land, and are printed in the front of the book, carried by the person whose 
duty It is to measure the air : 

i?u^.— Sectional area to be entered at the time of each measurement, 
"eight X width =. area. P oool(> 

Digitized by VjOO^ IVL 
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The person measuring must hold the anemometer at arm's length in front 
of his body, and keep the face of the fan square to the current of air, and 
keep moving it slowly as per the dotted line drawn within the figure below : 

The Index figures of the anemometer to be entered 
continuously. 

1. Take the velocity for one minute and make com- 
plete entry. 

2l Take the velocity for two minutes and divide by 
two ; should the average be near the first reading, enter 
the average as the velocity. 

In all cases add or substract, as the cases requires, 
the correction due to the instrument. 

One page of the book to be used for each measurement. Date and time of 
day must always be written at the top of the page, and the person measuring 
must sign his name at the last measurement. 

A recent invention is "Davis's Self-Timing Anemometer." It measures the 
passage of air per second, and is verv accurate and convenient. It is esben- 
tially a Biram anemometer improved so as to give an accurate reading, and 
actuated so no allowance need be made for finction. 

TO FIND THE QUANTITY OF AIB BY THE THERMOMETER. 

Temperature of air (0 on the outside of the current being very accurately 
taken, raise the temperature of the thermometer 10° above <, and then observe 
the number of seconds (s) which elapse while the thermometer exposed to the 
fiee corrent of air oools to 5^' of the IQP, then 

-J = feet per second velocity, 

e being a constant peculiar to the instrument ; in one case, for example, it 
was 16,000. Let the bulb be very clear. 

THE WATER-GAUGE. 

The water-gauge is used to measure the dynamic force of a 
current of air. It consists of a U-shaped tube of equal area 
throughout. The arms are about six inches long, provided 
with a scale divided Into inches and fractional parts of an inch, 
■0 that the di£ference between the height of the water in one 
ami of the tube, and that of the other may be measured. One 
arm is placed in connection with the air passing in the mine 
by placing the tube A through a hole in the brattice or £Ein 
casmg, while the other is opened to the air-way firom the 
mine. The diflference in water-level will indicate the drag, or 
the resistance to the air in the mine. 

The weight of one cubic foot of water at 62° Fahr. and 30 
inches barometrical pressure is 62*82102 lbs. The weight of 1 
en. in. is therefore 62'32102^1728,or 0.036. When the gauge measures one 
inch, the pressure is 0-036xl44=5-184, or 52 fiw. (nearly) to the square foot. 

Euanple. — If a water-gauge read 04", what pressure would it indicate? 

0-036X0-4X144-20734 lbs. per sq. ft. 

The water-gauge may be used to show the force of a current produced by a 
fan or by a ftimace, and hence it is very useful as a check to the furnace 
man. As it tells the amount of resistance to the air in the air-courses, their 
state or condition may be inferred. If the pressure per sq. ft. exerted by the 
motive-column be known, the height of a motive-column may be determined 
by dividing the pressure per st^iuarc foot by the weight ot a cubic foot of air. 

Example. — ^What is the height of the motive-column, if the water-gauge 

reads 0*4", the temperature is 62° Fahr. and the barometrical pressure is 80"? 

The weight of one cubic foot of air at 62° Fahr. and 80" Bar. is 007629 

lbs? The pressure is 0036X0-4X1 14 -20736 lbs., and the height of the motive 

2*0786 

To find the velocity we use the equation for falling bodies, which is 

8*0208 VT 

This equation is based on the principle that a body falls 16*08, in one second , 
and that it gains a velocity of 32*16 at the end of the firsts second. Then the 
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velocity per second equals 8-0208 times the square root of the height of motive 
column in feet. 

Example.— If the height of the motive-column is 27*28 ft the velocity per 
second is 802 X ^2728 or 41*9 ft. 
These formulae may be arranged as follows: 

Let P =9 Pressure in pounds per sq. ft. 
Let h = Height of motive-column in feet . 
Let V » Velocity in feet per second. 
Then: 

P = 0-086 Xwater-gauge X 144 

h = ^ 
00763 

F=8-02X>^A^ 
These formalee, it must be remembered, are only theoretically true, on ac- 
count of the enormous power required to overcome faction. In practice firom 
10 to 20 times the theoretical amount of motive-column is required to produce 
the theoretical velocity. To find the horse-power expended in the power re- 
quired for a ventilating current, multiply the quantity of air i>assing by the 
reading of the water-gauge, and this product by 5*2 ; divide the result bv 
33,000. 

The quantity of air passing in an air-way is according to the sq. root of the 
water-gauge. 

Thus, if 10,000 cu. ft. is passing per minute with a water-gauge of 1 in., 7,071 
cu. ft. is passing with a water-gauge of 0*5 in., or 

VVO : VOrb :: 10,000 : 7,071 
The following table gives the square root of the water-gauge for each tenth 
of an inch up to 8 inches. 
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SAFETY-LAMPS. 

There are so manv modifications of the more sncoessfhl types of safety- 
lamps that we only describe the most important. The Royal Commission on 
Accidents in Mines (British) reports most favorably on the following : Gray's, 
Marsaut, the Bonneted Mueseler, and Evan Thomas's modification of the 
bonneted Clanny. There are also several portable electric lamps which 
give good and perfectly safe light, but they are too heavy and expensive, and 
they will not indicate the presence of carbonic acid gas. 

In commentingon safety-lamps in his "Notes and Formulse for Mining 
Students," Mr J. H. Merrivale says : 

" In the Author's opinion, too much attention is paid to securing lamps Itom 
the action of violent currents to which they are very unlikely ever to be ex- 
I)Oied ; whilst their illuminating power, a daily necessity, is too much neglect- 
ed. Inventors appear to forget the importance of a good light all around, in- 
cluding the roof. About 42^of the fatal accidents in mines are due to falls of 
roof and sides, as against 24^ due to explosions, and a very small proportion 
of these last have been traced to the safety-lamp. 

By practical experiments made with various safety-lamps in recent years, 
the fmlowing facts were evolved : 

1. If a new gauze be heated qiiickly to a red heat, it will under certain cir- 
cumstances give off fhraeswhien will inflame at that temperature. Similar 
results can be obtained by smearing a gauze with oil. 

2. Oil on being poured over red-hot iron will ignite. 

These conditions are seldom attained in the actual use of safety-'lamps, but 
His well to guard against accidents by preventing the cause. - 
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The Daw/ iMmp.—ln 1815 Sir Humphrey Davy invented, and in 1816 con- 
structed the lamp which is known all over the world as the Davv I.Amp. 
He thus describes his invention : The principle of my lamp is, that the flame, 
by being «uppl led with only a limited quantity of air, should produce such a 

Quantity of azotic or carbonic acid gas, as to prevent the explosion of the fire- 
amp ; and which, from the nature of its operations, should be rendered un- 
able to communicate any explosion to the outer air. The wire gauze should 
not be more than l-20th of an inch square ; wire from l-40th to l-60th of an 
inch is the most convenient size, and there should be 28 wires, or 784 apertures 
per square inch. 

The Stephenson or "Geordie" iaTnp.— Invented by Geoiyte Stephenson, Nov. 
80th, 181o. He describes his lamp as made to contain burnt air above the 
flame, and to permit the fire-damp to come in below in small quantity, to be 
burnt as it comes In, the burnt air preventing the passing of explosion up- 
wards, and the velocity of the current preventing its passing downwards. 
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The cranny Lamp.— The Clanny Lamp was the first alteration in the con- 
struction of the Davy Lamp, and it is essentially a Davy Lamp with a glass 
cylinder replacing part of the gauze, which gives protection to the wick and 
increases its lighgnving properties. 

Gray*9 Lamp.— The Gray Lamp, a sectional view of which is annexed, is a 
very good lamp. The air enters at the top of the lamp, passes down four 
tubes, and through a strip of gauze ; the products of combustion pass up the 
cylindrical chimney, in which two truncated cones are inserted to avoid the 
down currents to which all cvlindrical chimneys are liable. This arrange- 
ment assures a slow feeding of air to the fiame in a current of high velocity. 

The MarsaiU Lamp.— The Marsaut lamp is a shielded Clanny with three 
conical shaped gauzes. As will be seen by the sectional view, the air enters 
through the gauzes above the glass cylinder, and the products of combustion 
pass out through the top of the gauzes. 

The Bonnetea Mtieseler.— The Bonneted Mueseler shown in section is a modi- 
fication of the Belgian Mueseler. The modification consists in shortening 
the chimney BO that it does not reach so far down in the lamp, and in the 
addition of a metallic shield or bonnet The air enters above the flame and 
passes through a gauze disc down to it. The products of combustion pass up 
a conical chimney, and thence out through the top. The inlet ana outlet 
holes areso arranged that the air is fed to the flame at a low velocity. 

Evan Thomas* Modification of the Bonneted Ctannj/.— Inside the bonnet a 
brass tube, one inch high, fits the main gauze cylinder closely. To the 
upper end of this tube is attached a horizontal brass flange extending 
nearly to the bonnet, so that an annular space, only Me of an inch 
wide, is left between the edge of the flange and tne bonnet. The air, having 
entered the bonnet through horizontal slits near =ts lower end, passes through 
this annular space in to the gauze cylinder, and descends into the flame. The 
products of combustion escape through holes near the top of the bonnet which 
are protected by a shield-fixed in the. bonnet* The main gauze cylinder is 
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provided with a g&uze cap. The shield inside the bonnet protects the bottom 
of the gauze cylinder. The bonnet is locked by a sliding bar which cannot 
be withdrawn until the oil-vessel is removed. In a gas mixture the gas only 
bums in the gauze cylinder between the top of the orass tube and the lower 
edge of the gauze cap, consequently a very small area of the gauze is heated, 
and the temperature is necessarily low. In air moving with any velocity up 
to 3,500 ft. per minute the flame burns very steadily when the lamp is either 
erect or inclined. The flame is scacrely afirected by violent oscillations of the 
lamp or by rapid motion up and <iown in a vertical direction, and it is not 
extinguished by inclining the lamp until the latter is nearly horizontal. 

The three first described are the lamps in general use in American col- 
lieries. They have been supplanted in the collieries of Great Britain and the 
continent of Europe by the more modern lamps, owing to their liability to 
explode when the gas fires in them, and their inefficiency in strong currents 
of air. 

THE BAROMETER. 

Almotplieric Pressure.— The atmosphere surrounding the earth, being a fluid 
acted on by gravity, presses upon all bodies immersed in it, m accordance 
with the general laws of fluid pressure. 

The pressure of the atmosphere upon any body will consequently vary with 
the depth of that body below its highest aur&ce. As, however, the dimen- 
sions of any ordinary body upon the surface of the earth are inconsid- 
erable, when compared with the height of the atmosphere, this pressure may, 
without any sensible error, be regarded as the same at all points in any such 
body. 

It is found by experiment that the pressure which the atmosphere exerts 
upon a body, on or near the surface of tne earth is at the rate of about 1^ fts. for 
every quare inch of surface. That we are not, in ordinary circumstances, 
cognizant of this pressure arises from the characteristic property of fluids, in 
accordance with which they press in all directions upon oodies Immeised in 
th^n; so that if the upper surface of a body, subject to the pressure of the at- 
mosphere, experience a downward pressure of 15 lbs. to every square inch, the 
under surface experiences a corresponding upward pressure. If, however, we 
destroy this equilibrium, by removing or diminishing the pressure of the at- 
mosphere upon the side of any body, we are immediately made sensible of 
the pressure which is exerted upon the opposite side. For instance, if a 
plate of glass be placed upon the top of a cylindrical receiver connected with 
an air-pump, and the air be exhausted from the receiver, the plate of glass 
will be pressed down with a considerable force, and if not stix)ng enough will 
be broken in pieces.' 

The atmoepneric pressure at the same place is not found to be constant, but 
undergoes considerable variation. Roughly speaking, it is found to vary be- 
tween 18^ lbs. and 15^ lbs. per square inch. It has been fbund, however, to 
be more convenient to measure the atmospheric pressure not by pounds or 
ounces, but by the length of a column of a fluid, whose weight would be 
equal to the atmospheric pressure upon its base. Mercury is the fluid most 
commonly employed for this purpose, and the column of mercury whose 
weight is equal to the atmospheric pressure is found to vary between 28 and 
31 inches. 

Mercury is 13-6 times as heavy as water, and therefore the column of water 
which is equal to the atmospheric pressure will range between 32 ft. and 35 ft. 

The average is a little under 30 inches of mercury or 34 ft. of water. 

The instruments by which the variation of the atmospheric pressure are ob- 
served and mearsured are termed barometers. Barometers are of two kinds, 
mercurial and aneroid. 

The mercurial barometer measures the variation of the atmospheric presure 
by the rising or falling of the mercury in a glass tube. This instrument is 
constructed in the following manner: A glass tube, closed at one end, is 
filled with mercury, and a finger being placed over the open end, is 
inverted in an open vessel of mercury*. The mercury in the tube will fall 
till it is balanced by the atmospheric pressure on the mercury in the open 
vessel. The mercury in the tube will rise as the atmospheric pressure in 
creases, and will fall as it decreases. A graduated scale attached to the 
tube, by means of which the changes can be obser\'ed and measured. 

When the mercury falls in the tube it rises in the cistern and consequently 
the fall of the^meicury in the tube, as measured by the scale attached to it. 
will not correctly measure the variations in the barometrical ooluxnn, but 

'\l be too^Fieat by the distance through which the mercury has risen in the 



ctetern. In like manner when the mercury rises in the tube, the variation 
as measured by the scale, will be too small by the distance through which 
the murcury has fallen in the cistern. 

If the cistern be large in comparison with the bore of the tube, the variation 
in the height of the mercury in the cistern is so small that it may be disre- 
garded for ordinary purposes. When ereater accuracy is desired, the bottom 
of the cistern is so made that it can oe raised or lowered by a screw, and 
thereby the surface of the mercury in the cistern can be adjusted to one uni- 
form height. 

The Aneroicf^aromder.— 'With the aneroid barometer the pressure of the air 
is measured -without the use of a liquid, as in the mercurial barometer. The 
pressure of the atmosphere acts upon a circular metal box, which has been 
nearly exhausted of air, and then soldered air-tight. The sides are corrugated 
iu concentric rings so as to increase their elasticity, and one of them is fixed 
to the back of the case which contains the whole. The amount of the ex- 
haustion is such that if the sides of the box were allowed to take their natu- 
ral position, they would be pressed in upon each other, and to prevent this 
they are kept distended, to a certain extent, by a strong spring, fixed to the 
case which acts upon the head of a 8talk attached to the side next the face. 
When the pressure of the air increases, there being little or no air inside the 
box to resist it, the corrugated sides are forced inwards, and when it dimin- 
ishes again, their elasticity restores them to their former place, and thus the 
little box becomes a spring extremely sensitive to the vaiying pressure of the 
external atmosphere. By an ingenious mechanical arrangement the move- 
ment of the sides is transmitted to a needle or pointer on the face, which 
moving around a dial graduated to represent tne inches of the mercurial 
barometer, enables one to observe and measure the variations of pressure. By 
means of this mechanism a yery small motion of the corrugated sides pro- 
duces & large deviation of the index hand, in. a five-inch barometer, ^l, of 
an inchcauslng it to turn through 3 inches. Both from its small size and 
construction, it is extremely portable and consequently a very usefbl instru- 
ment, but from its liabilitv to change from time to time it must be frequent- 
ly compared with the mercurial barometer. 

When the barometer is 27 inches the pressure of the atmosphere per square 
fnot is equal to 1908*23 ibs.; at 28 inches it is 1978-90 lbs.: at 29 inches it is 
2(M9-58 fts. ; at 30 inches it is 2120*25 lbs. ; and at 31 inches it is 2190*93 lbs. 

To ascertain the amount of pressure per square foot, the table (No. 1) on 
following page will be useful. Thus, to ascertain the pressure when the 
barometrical reading is 30 09 in. we add to the 2120*25 lbs., given above as the 
pressure at 30 in., the amount in the table opposite -09, or 6'86 lbs. This makes 
the pressure ut 30*09 in. = 21*26.61 lbs. If the mercury falls from 80.09 in. to 
29-47 in., or '62 in., the reduction in pressure is 43*82 lbs. per square foot. 

Required the amount in cubic feet of air and gas that may oe expected to 
be given off for each 1,000 cubic feet of open space in the goaves or other 
waste places. 

At 30*09 the pressure is ...2126*61 pounds. 

At 29*47 the pressure is 2082*80 pounds. 

Difference 43*81 pounds. 

Ai 2126*61 : 43*81 :: 1,000 : 20*60 cubic feet of gas, which (theoretically) may be 
expected to be given off by a reduction of pressure equal to that indicated 
above. A table of pressure is not, however, absQlutely necessary for working 
the proportion. 

Height of barometer 3009 

29*47 

DiflSBrence » *62 

As 30*09 : 62 :: 1000 : 20*60 cubic feet. 

If we divide the difference by 3, we shall obtain results sufficiently accu- 
rate for all practical purposes ; thus 62 ^ 3 = 20^ or 20*66 cubic feet. Consid- 
erable experience in the use of this instrument m mines has shown that its 
indications are i¥om one to two, or even three hours behind what is actually 
taking place ; consequently as an Instrument for warning the furnace-men 
to "fire-up" or the engine-tender to urge on the fan, it is worse than useless, 
it is, however, valuable to superintendents and other oificials in the mines 
as an incentive to thought. 
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PBBaBURB OP AIB» PBR 8QUARB FOOT, AS SHOWN BY THE BABOMBTER AND 
WATEB-GAUOB. 



Taslb No. 1. 


Table No. S. 
Wmier-Gauge. 


TABt. No. 1. 

Barometer. 


Tabuc No. 2. 
Water-Oauge. 


In. 
1-00 


Lbs 

70-68 

69-97 

.„ 69-27 

68-56 

67-85 


In. Lbs. 
1-00 5-20 


In. Lbs. 

•50 .35-34 

•49 84-63 

•48 33^93 
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•46 32-51 


In. 
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•49 

•48. 
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.. .2-60 
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•46 
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•44 

*43 
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•95 
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-66-44 
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64-32 

63-61 
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62-20 


•45 31-81 

•44 31-10 

•43 30-39 

•42 29-69 

41 28-98 

-40 28-27 

-39 27^57 


...J2-34 

.. ..2*28 


•93 


•93 4-83 


..2-23 


•92...« 


•92 4-78 


•42 
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•91 


•91 « 4-73 

•90 4-68 

•89 4-62 

•88 4-57 

•87 4-52 

•86 4-47 

•85 4-42 


•41 


...-2-13 


•90 


•40 


...-2D8 


•89 


•39 

•38 


...-2^02 


•88 


1 -38 26-86 

•37 2615 

*36 25-44 


...-1-97 


•87 

•86 


61-40 

60-78 

-60-08 

59-37 


•37 

•36 


1-92 

J-87 


•85 


-35 24-74 


•35 

•34 


..-1-82 


•84 


•84 4-36 

•83 4-31 


•34 24-03 

•33 - 23-32 

•32 22-62 

•31 21-91 

•30 21 20 

*29 20-50 


1-76 


•83 


58-66 


•33 


..-1-71 


•82 


57-96 

57-25 

56 54 

55*84 


-82 4-26 


•32 

•31 


.-166 


•81 


•81 4-21 


..-1-61 


•80 


•80 4-16 

•79 .4-10 

•78 •. 4-05 

•77 4-00 

-76 3-95 


•30 


..-1-56 


•79:.!". 


•29 

•28 
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•78...^. 
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54-42 


•28 19-79 

-27 19.08 

•26 18-38 

•25 17-67 


-1-45 


•77 


•27 

•26 

•25 

•24 

•28 

•22 


«1'40 


•76 


53-72 

53-01 

52-30 


....1-35 


•75 


•75 3^90 


1-30 


•74 


•74 3*84 


•24 16-96 

-23 16-26 

•22 15-56 

•21 14-84 

•20 1414 

-19 18-43 

-18 12-72 

•17 ...12-02 

•16 11-31 


. .1-24 


•73 

•72 


51-60 

50-89 

50-18 

49-48 

48-77 

48-06 


•73 3-79 

•72 .....3-74 

•71 3-69 


..-1-19 
..-114 


•71 


•21 

•20 

•19 

•18 


..-1-09 


•70 

•69..... 
•68 


•70 3-64 

-69 8.58 

•68 858 

-67 3.48 


..-1-04 
..- -98 
..- -93 


•67 


... 47-36 


•17 „ 

•16 „ 


- -88 


•66 


46-66 


•66 3-43 

-65 3.38 

•64 3.32 

*63 3*27 


..- -83 


•66...... 

•64 


45-94 

45-24 

44-53 


•15 10-60 

•14 9-90 

•13 9-19 

•12 8-48 


•15 

•14 


..- -78 
..« -72 


•63 


•13 

-12 


..- -67 


•62 


4382 

4311 


62 3-22 


.... ^62 


•61 


-61 317 


•11 7-77 

•10 707 

•09 6-36 

•08 5-65 

•07 4-95 


•11 


..- -57 


•60 


42*41 


•60 312 


•10 


- ^52 


•69 


41-70 

40-99 

40-29 

89-58 

88-87 

8817 

87-46 

36-75 

3605 


•59 306 


•09 

•08 

•07 

•06 

•05 

•04 

•03 

•02 

•01 


..- -46 


•58 

•57 


•58 301 

•57 2-96 

•56 2-91 

•55 2-86 

•54 2-80 

•53 2-75 

•52 2-70 

•51 2-65 


..- -41 
..- -36 


•56 

•55 

•54 

•53 

•52..... 
•51 


•06 4-24 

•05 8-58 

•04 2-88 

.08 212 

•02 1-41 

.01 -71 


..- •SI 
.... ^26 
..„ ^20 
..- •IS 
..- -10 
..-•05 



Respecting table No. 2 very little need be said. It shows the pressure in 
pounds and decimal parts of a pound for one inch, and decimal parts of an 
inch. The weight of a cubic foot of water = 1000 ounces ; therefore the pres- 
sure per square foot, one inch deep, will be 6^20 pounds. If the water-gauge 
stands at -25, or a quarter of an inch, the pressure per square foot is 1-30 
pounds. For the pressure to be equal to a quarter of a pound to the square 
inch, or 86 pounds per square foot, the difi^nce of the water-level must be 
6-92 inches. The water-gauge is very useftil as a cheek on the fumaceman or 
fan. and also a tell-tale on the amount of friction in the air-couises, from 
whence may be Inferred their state and condition. 

Leveling toUh the Baromeler.^To find the diflf^rence in elevation between two 
points, Belville's rule is the simplest and f\irnisbes an approximately correct re- 
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salt Add together the readings at each of the two points, also find Ine differ- 
ence between the two readings ; then as the sum of the two readings Is to 
their difference, so is 55,000 ft to the required difference in elevation. 

Example.— If the barometrical reading at the foot of a mountain is 29*45 
inches and at the top is 26*73 inches, what is the vertical height of the moun- 
tain? 

29*45+26-73=56-18 in. ; and 29-45-26-78=-2^ in. 
Sum. DIff. Peet. Peet. 
Hence, as 5618 : 2*72 :: 55,000 : 2662*87.. 

THE THERMOMETER 

Thermometers are instruments designed to measure the changes in the 
temperature of the atmosphere, by the contraction and expansion of mercury 
and spirits ; or they may be made entirely of metal, and the changes of 
temperature are then measured by the expansion and contraction of the 
sensitive metallic portion. These latter are known as aneroid thermometers. 
Fahrenheit's thermometer is the one most commonly used. By his scale the 
freezing-point of water at the sea-level is placed at 82° above zero ; the boil- 
ing-point of water at sea-level is placed at 212° above zero, so that the si>ace 
between these two points is divided into 180 degrees. 

Reaumur and Centigrade thermometers are used on the continent of 
Europe. Of these two the first is generally used in Germany, and the second 
in France, but the latter is almost exclusively used by the scientists of all 
nations. 

In the Beaomnr thermometer, the flreezinar and boUing points are placed at 
0° and 80° respectively. In the Centigrade the freezing and boiling points 
are placed at OP and 100° respectively. 

7b convert Fahrenheit into Oentigrade.—{l) Subtract 32 and divide the remain- 
der by 1*8 thus : 

If a Fahrenheit thermometer registers 167°, what will be the register by a 
Centigrade thermometer? 

(2) Subtract 32, multiply the remainder by 5, and divide the product by 9, 
thus: 

To convert Omtigrade into FahrenheU.—{l) Multiply by 1*8 and add 32, thus : 
If the Centigrade thermometer registers 75°, what will be the register by a 
Fahrenheit thermometer? 

75Xl-8 + 32 = 167°F^hr. 
(2) Multiply by 9, divide by 6, and add 32, thus : 
75 V 9 
'JL^ + 82 = 167° Fahr. 

7b convert ftihrenheit into Beaumur.—{iy Subtract 82, and divide by 2*25, 
thus: 

If the Fahrenheit thermometer registers 113° what will be the register by 
the Reaumur thermometer? 

113 - 32 ^^- ^ 
-2^^-=36°Reau. 

(2) Subtract 32, nmltiply by 4, and divide by 9, thus : 

113 — 82 X 4 „^ „ 
= 36°Reau. 

To convert Reaumur into Fahrenheit.— (1) Multiply by 2*25 and add 32, thus: 
If the Reaumur thermometer registers 36°, what will be the register by the 
Fahrenheit thermometer? 

36 X 2*25 + 82 = 113° Fahr. 
(2) Multiply by 9, divide by 4, and add 82, thus : 

^^^ + 32 » 113° Fahr. 

2b convert Reaumur into Oeniigrade.—UnUlply by 1*25, thus : 
If a Reaumur thermometer registers 32°, what will be the register of a Centi- 
grade thermometer? 

32 X 1*25 - 40° Cent. 
To convert Centigrade into igcauwur.— Multiply by -8, t^^jig gy GoOqIc 
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If a Centigrade thenaometer registers 40° what will be the register of- a 
Reaumur thermometer? 

40 X -8 = 32° Reau. 

VOLUME OF A GASEOUS BODY AT DIFFERENT TEBfPBRATURES. 

The following table shows the changes of volume of a gaseous body conse- 
quent on given changes of temperature. In columns headed Y are expressed 
in cubic inches, the volumes which 1,000 cubic inches of air at 32° Pahr. will 
have at the temperature in degrees Fahr., expressed in columns headed T, 
the air being maintained constantly at the same pressure. 



T. V. 


T. V. 


T. V. 


T. V. 


T. V. 


— 49...834-7 


8... 951-0 


65...1067-3 


122...1183-7 


179...1300-( 


— 48...836-7 


9... 9531 


66...i069-4 


123...1185-7 


180...1302-( 


-.47...838-8 


10... 9551 


67...1071-4 


124...1187-8 


181..13(M-] 


— 4t)...840-8 


11... 957-1 


68...1073-5 


125...1189-8 


182...1306-] 


— 45...842-8 


12... 959-2 


69...1075'6 


126...1191-8 


183...1308-i 


— 44...844-9 


13... 961-2 


70.. 1077-6 


127...1193-9 


184... 1310-5 


-43...846-9 


14... 963-3 


71. ..1079-6 


128...1195-9 


185...1312-S 


-42...849-0 


15... 965-3 


72...1081-6 


129... 11980 


186...1314-2 


-41...851-0 


16 .. 967-3 


73.«1083-7 


130...12000 


187... 1316-3 


-40...8531 


17... 969-4 


74.. 1085-7 


131...1202-0 


188...1318-4 


— 39...8551 


18... 971-4 


75...1087-8 


132...12041 


189...1320-4 


— 38...857-1 


19... 973-5 


76...1089-8 


133...12061 


190...1322-4 


-37...859-2 


20... 975-5 


77...1091-8 


134...1208-2 


191...1324-5 


-36...861-2 


21... 977-6 


78...1093-9 


135...1210-2 


192...1326-5 


— 35...863-3 


22... 979-6 


79...1095-9 


136...1212-2 


193...1328-6 


— 34...865-3 


23... 981-6 


80...1098-0 


137...1214-3 


194...1830-6 


— 33...867-3 


24... 983-7 


81...1100-0 


138...1216-3 


195...1332-6 


—32.. 869-4 


25... 985-7 


82...1102-0 


139...1218-4 


196...1334-7 


— 31...871-4 


26... 987-8 


83...1104-1 


140...1220-4 


197...1336-7 


— 30...873-5 


27... 989-8 


84...1106-1 


141...1222-4 


198...1338-8 


— 29...875-5 


28... 991-8 


85...1108-2 


142...1224-5 


199...1340-8 


-28...877-6 


29... 993-9 


86...1110-2 


143...1226-5 


200...1342^ 


— 27...879-6 


30... 995-9 


87...1112-2 


144...1228-6 


201...1344-9 


— 26...881-6 


31... 9980 


88...1114-3 


145...1230-6 


202...1346-0 


— 25...883-7 


32...1000-0 


89...1116-3 


146...1232-7 


203...1349-0 


-24...885-7 


33...1002-0 


90...1118-4 


147...1234-7 


204...13510 


— 23...887-8 


34...1004-1 


91. ..1120-4 


148...1236-7 


205...13531 


-22...889-8 


35...1006-1 


92. ..1122-4 


149...1238-8 


206...13651 


—21. ..891-8 


3G...1008-2 


93...1124-5 


150...1240-8 


207...13571 


— 20...893-9 


37...1010-2 


94...1126-5 


161...1242-9 


208...1359-2 


— 19...895-9 


38...1012-2 


95...1128-6 


152...1244-9 


209...1361-2 


— 18...898-0 


39...1014-3 


96...1130-6 


153...1246-9 


210...1363-3 


-17...900-0 


40...1016-3 


97...1132-7 


154...1249-0 


211...1365-3 


— 16...902-0 


41. ..1018-4 


98,..1134-7 


155...1251-0 


212...1367-3 


— 15...9041 


42...1020-4 


99...1136-7 


156... 1253-0 


213...1369-4 


— 14...906-1 


43...1022-4 


100...1138-8 


157...1255-1 


214...1371-4 


— 13...908-2 


44...1024-5 


101...1140-8 


158...1257-1 


245...1373-5 


-12...910-2 


45...1026-5 


102...1142-9 


159...1259-2 . 


216...1375-5 


-11. ..912-2 


46...1028-6 


103...1144-9 


160...1261-2 


217.. 1377-5 


— 10...914-3 


47...1030-6 


104...1147-0 


161. ..1263-3 


218...1379-6 


— 9...916-3 


48...1032-7 


105... 11490 


162...1265-3 


219...1381-6 


— 8 ..918-4 


49...1034-7 


106...11510 


163...1267-3 


220...1883-7 


- 7...920-4 


50...1036-7 


107...11531 


164...1269-4 


230...14041 


— 6...922-5 


51...1038-8 


108...1155-1 


165...1271-4 


240 ..1424-5 


— 5...924-5 


52.. .1040-8 


109...1157-1 


166...1273-5 


•250...1444-9 


- 4...926-5 


53...1042-9 


110...1159-2 


167...1275-5 


260...1465-3 


- 3...928-6 


54...1044-9 


111...1161-2 


168...1277-5 


270...1485-7 


— 2...930-6 


55...1046-9 


112...1163-3 


169...1279-6 


280...15061 


— 1...932-7 


56...1049-0 


113...1165-3 


170...1281-6 


290 ...1526-5 


0...934-7 


57...1051-0 


114...1167-3 


171. ..1283-7 


300...1546-9 


1...936-7 


58...10531 


115...1169-4 


172...1285-7 


40G...1751-0 


2...938-8 


59...10551 


116...1171-4 


173...1287-8 


500...1955-1 


3...940-8 


60...10571 


117...1173-5 


174...1289-8 


600...2159-2 


4...942-9 


61...1059-2 


118...1175-5 


175...1291-8 


700...2363-3 


5...944-9 


62...1061-2 


119...1177-6 


176... 1293-9 


800...2567-8 


6...9470 


63...1063-3 


120...1179-6 


177...1295-9 


900.„277S-5 


7...9490 


64...1065-3 


121...1181-6 


178...1298-0 


1000...29471 
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THE EXPANSION OP SOLIDS. 

BY INCREASING THE TEMPERATURE PROM 32° TO 212<^, THE LENGTH OP THE 
BAR AT 32° BEING I'OOOOOOOO 



Gold 100150000 

Lead 100286700 

Brass - 400186671 ' 

Wrought Iron 1 00125800 

Zinc 100294200 

Spelter Sold§r, Brass 2, Zinc i.l 00205800 

Soft Solder, Lead 2, Tin 1 1*00250800 

Copper 8, Tin 1 1-00181700 

Palladium ....lOOlOOOOO 



Glass Tube ,...„ 1-00082800 

Platinum 100088420 

Antimony 100108300 

Cast Iron ^ ^ iOOllllll 

Steel _ 1-00118999 

Blistered Steel 1-00112500 

Steel, hardened 100122502 

Bismuth 100139200 

Silver „^ 100189000 

Tin 100217298 

THE EXPANSION OP LIQUIDS IN VOLUME PROM 32° TO 212° PAHR. 

1000 parts of Water ^ become 1046 

Oil ; " 1080 

" " " Mercury ^ '• 1018 

Spirits of Wine " 1110 

Air •' 1373 

BPFECTS OF HEAT ON VARIOUS METALB. 
Metalfl. Fahr. Deg. 

Wrought Ironftises 8300 

Cast Iron melts 2400 

Welding heat of Bar Iron 2420 

Pine Gold melts 2100 

FlneSUver " 1850 

Copper " 1990 

Brass " 1870 

Iron red hot in daylight 1207 

Lead melts 612 

Mercary boilsu 600 

Bismuth melts 476 

Tin melta. 445 

The melting-points of metals cannot be determined exactly. We give the 
mean of the best authorities. 

TO EXPLORE THE WORKINGS OP A MINE AFTER A SERIOUS 
EXPLOSION. 

The shafts or slope, and the ventilating machinery should claim the first 
attention of those on the surface, and an effort should be made to reach the 
bottom as expeditiously as possible. Assistance from neighboring collieries, 
both in the way of sklllod labor and advice, should also be requested. 
Should the shaft or slope need repairs before communication between top 
and bottom is restored, the person in charge on the surface should, in the 
meantime, see that props oi the length in ordinary use, brattice-boards, 
brattice-clotl), and nails are brought to a convenient place for putting on the 
cage or car; and he ought also to collect all the tools likely to be required, 
such as axes, saws, hammers, etc. It is also important that rough tracings or 
the workings be prepared for the use of the leader of each squad of explorers. 
Officials will understand how useftil these will be to those who are penetrat- 
ing into workings about which every man of his squad may have been here- 
tofore ignorant. 

When the explorers have arrived at the bottom and are ready to proceed, 
there should be for each section, if more than one is operated upon, two 
manager8,^Bacn having his own squad of men, and his own particular duty 
to do. One may take charge of restoring the ventilation, the inspection of 
the workins^ and the clearing of the roads ; the other may appoint and have 
charge of the bottom man, the conveying of material, and the detailing of 
stretcher companies where required. They can consult and help each other 
in every difficulty; but system is necessary if the work is to be done in the 
shortest ixMsible time. 

The manager who has charge of the men in firont should appoint two ex- 
perienced men with good nerves to act as foremen, instructing them to 
inspect and report to him the condition of the workings within a short 
raaias. He should then form the rest of his men into, say, three squads of 
three each, who will work together at stoppings or falls until separated by 
him, or until the end of the shift. Being near the bottom, it will probably be 
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found that all is clear for three or four breast or stooD-Iengths, and stoppings 
are required to be put up. Material will be requirea for this, and when the 
cage is first sent to the top for it, it should not be kept there to enable the top 
man to put on a big load, but it should be sent down with all despatch, loadea 
with a half-dosen each of props and brattice-boards, with one piece of cloth 
and nails. This will allow a start to be made, and will prevent the anxious 
men ftom worrying over, what to them is, an unaccountable dela v. Larger 
loads can be sent down in subsequent tripe. For convenience iii carrying, 
the brattice cloth may be cut in lengths to suit the gangways or hea<\mg8 
with two or three feet to spare. Squad No. 1 should be detailed to the first 
stopping. This may be put up with boards at top and bottom and cloth 
between. If the air-current is strong, a few of the following stoppings may 
be put up by squads two and three, with cloth only stretched between two 
props. These can be very rapidly put up and will drive the ventilation for- 
ward, thus allowing the firemen to extend rapidly the area of inspection. 
These stoppings can be completed by No. 1 detail. In a short time it may 
become impossible to proceed in this manner. The foul air will in all prob- 
ability become more alificult to dislodge, and eventually one detail may be 
able to put up stoppings as quickly as the fire or choke-damp can be carried 
off. Part of what mav be called the ventilating detail can now be transferred 
to the bearer detail, the duties of the latter havmg become heavier as the stop- 
pings advanced. It is not an easy task to carrv props long distances i n a stoop- 
ing posture, and when to that is added, it may be, the earning out of the living 
or dead bodies, the men begin to fag very soon. But the person in charge 
here must see that the forward party are kept in material for stoppings so 
that no delay mav occur on that account. A system of staging gives relief to 
the carrying parties. 

To conclude with a few general remarks. Let those who have never yet 
assisted to explore a mine sifter an explosion, be assured of this that the chief 
requisites in a leader are a capacity for hard work, and the ability to organize 
his men into a systetn, however roughly, whereby work will be best for- 
warded. It will not speed the work to say to a dozen or more men generally 
do this or that ; neitner is it beneficial to allow all the workmen to discuss 
matters and suggest plans. Those in charge ought to arrange what is to 
be done. Anytning else results in noise and confusion. And let men who 
are sent from other collieries take with them their own tools and lamps. 
Those in charge ought to take note of the position, &c., of bodies found, and 
of every point which is likely to throw light on the cause or origin of the 
explosion. This can be more correctly done before the roads are disturbed 
by dust and travel. These notes might not only be the means of ascertaining 
the cause of explosion, but also of pointing out a way of prevention in the 
future. 

TREATMENT OP PERSONS OVERCOME BY GAS. 

Miners are exposed to asphyxia when the circulation of the air is not sttfa- 
ciently active, when the mine exhales a quantity of deleterious gas, when 
they imprudently penetrate into ancient and abandoned workings, and 
when there is an explosion. 

The symptoms of asphyxia are sudden cessation of the respiration, of the 
p\^lsations of the heart, and of the action of the senses ; the countenance is 
swollen, and marked with reddish spots, the eyes are protruded, the features 
are distorted, and the face is often livid, <&c. 

The best and first remedy to employ, and in which the greatest confidence 
ought to be placed, is the renewal of the air necessary for respiration. In 
succession: 

1. Promptly withdraw the a8ph3rxiated person from the deleterious place, 
and expose him to pure air. 

2. Loosen the clothes round the neck and chest; and dash cq|d water in 
the face and on the chest. 

3. Attempts should be made to irritate the pituitary membrane with the 
feathered end of a quill, which should be gently moved in the nostrils of the 
insensible person, or to stimulate it, with a bottle of volatile alkali placed 
under the nose. 

4. Keep up the warmth of the body, and apply mustard plasters over the 
heart and round the ankles. 

5. If these means fail to produce respiration Dr. Sylvester's method of pro- 
ducing artificial respiration should be tried, as follows : 

Place the patient on the back on a fiat surface inclined a litUe upward* 
from the feet : raise and and support the head and shoalders on a small firm 
cushion or folded article of dress placed under the shoulder-blades. Dnw 



COLLIERY ENGINEER POCKET-BOOK. 91 

forward the patient's tqngue and keep it projecting beyond the lips; an 
elastic band over the tongue and under the chin will answer this purpose, or 
a piece of string or tape may be tied round them, or by raising the lower jaw 
the teeth may be made to retain the tongue in that position. Remove all 
tight clothing from about the neck and chest, especially the braces. Then 
standing at the patient's head, grasp the arras just above the elbows, and 
draw the arms gently and steadily upwards above the head, and keep them 
stretched upwuds for two seconds (by this means air is drawn into the lungs). 
Then turn down the patient's arms and press them gently and firmly for two 
seconds against the sides of the chest (by this means air is pressed out of the 
lungs). Repeat these measures alternately, deliberately, and perseveringly 
about fifteen times in a minute, until a spontaneous effort to respire is per- 
ceived; immediately upon which cease to imitate the movements of breath- 
ing, and proceed to induce circulation and warmth. 

6. To promote warmth and circulation rub the limbs upwards with firm 
grasping pressure and energy using handkerchiefs, flannels, <S:c. Apply hot 
flannels, bottles of hot water, heated bricks, <&c., to the pit of the stomach, 
the arm pits, between the tnighs, and to the soles of the feet. 

7. On the restoration of life a teaspoonful of warm water should be given ; 
and then, if the power of swallowing has returned, small quantities of wine, 
warm brandy and water, or cofibe should be administered. 

8. These remedies should be promptly applied, and, as death does not cer- 
tainly appear for a long time, they ought only to be discontinued when It is 
clearly confirmed. Absence of the pulsation of the heart is not a sure sign 
of death, neither is the want of respiration. 

TREATMENT OP INJURED PERSONS. 

B7 W. F. Brady, M. D., Scranton, Pa. ; Late Assistant Surgeon 

State Hospital for Ii^jured Persons, Ashland, Pa. 

SEND FOR ▲ PHYSiaAN. 

The dangers to be feared in case of wounds, are : Shock or coUapte, loss of 
blood, and unnecessary suffering in the moving ofthepaUerU. 

In shock, the injured person lies pale, faint and cold, sometimes insensible, 
with feeble pulse and superficial breathing. The cause of death in case of a 
shock is arrest of heart action, produced by the suspension of the Ainctions 
of the brain and spinal cord. In treatment, the two most important parts 
are: 

1. The position ofthe injured person. 

2. The application of external warmth. 

The iojured person should at once be placed in a recumbent position, his 
bead resting on a plane lower than that of his trunk, legs, and feet. He 
should be well wrapped up and protected fh)m the chilling influences of 
external air. When there is danger of immediate death, stimulants should 
be given ; in all other conditions of shock, stimulants are injurious. 

Loss qf blood.— Two conditions present themselves : (1) The bleeding is 
arrested spontaneously or otherwise, but the injured person presents all the 
symptoms of loss of blood. (2) The injured person is actually bleeding, and 
he is, or is not, suffering from loss of blood. 

In the first condition life is threatened by anae- 
m a of brain and spinal cord, and all the efforts of 
treatment are to durect the fiow of whatever quan- 
tity of blood may still remain in the body, to the 
vital centres in the brain and spinal cord. This 
is most eifidently done by placing the Injured 
person in a recumbent position, with his head 
resting on a plane somewhat lower than that of 
his trunk and legs. In graver cases constricting 
bands should be applied to both arms, as near the Fio. 1. 

shoulders as possible, and to both thighs, as near the abdomen as possible. 
This last manoeuvre directs the entire quantity of blood in the body to the 
suffering centres, the centres of lifo itselt Stimulants may be sparingly 
administered. , ^ 

If there is bleeding, do not try to stop it by binding up the wound. TJie 
current qf blood to the part must be checked. To do this find the artery, by its 
beating; lay a firm and even compress or pad (made of cloth or rags rolled 
up, or a round stone or piece of wood well wrapped) ot^er the artery (see Fig. 1). 
Tie a handkerchief around the limb and compress : put a bit of stick through 
the handkerchief and twist the latter uo until it iBjvst tigM enough to stop the 
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bleeding, then put one end of the stick under the handkerchief to prevent 
untwisting, as in Fig. 2. 

The artery in the thiehruns along the inner 
Bide of the muscle in front near the bone (as 
shown by dotted line in Fig. 3). A little above 
the knee it passes to the back' of the bone. In 
Injuries at or above the knee apply the compress 
higher up, on the inner side of the thigh, (at the 
point P, Fig. 3), with the knot on the outside of 
the thigh. 

When ttie leg is injured below the knee, ap 
the compress at the back of the thigh, just above 
the knee at P, Fig. 4, and the knot in front as in 
Figs. 1 and 2. 

The artery In the arms runs down the inner side of the large muscle in 
front, quite close to the bone, as shown by dotted line ; 
low down it is further forward towards the bend of the 
elbow. It is most easily compressed a little above the 
middle. (P, Fig. 5). Care should be taken to examine 
the limb from time to time, and to lessen the compres- 
sion if it becomes cold or purple ; tighten up the hand- 
kerchief again If the bleeding begins afresh. 

To iranijport a vxmnded person comfortably.— "ilLsike a 
soft and even bed for the injured part of stmw, folded, 
blankets, quilts or pillows, laid on a board, with side 
pieces oi board nailed on, when this can be done. If 
possible, let the patient be laid on a door, shutter, set- 
tee or some firm support, properly covered. Have suf- 
ficient force to lift him steadily, and let those that bear 
him not keep step. Piq 3 

Should any important arteries be opened apply the 
handkerchief as recommended. Secure the vessel by a sui^^n's dressing 
forceps, or by a hook, then have a silk ligature put around the vessel, ana 
tighten tight. 







Fig. 4. 



Fig. 5. 



Fig. 6. 



Should the bleeding be from aVterial vessels of small size, apply the per- 
mLphaie of iron, either in tincture or in powder, by wetting a piece of lint or 
sponge with the solution; then, after bleeding ceases, apply a compress 
M[ainst the parts to sustain them during the application 01 the persulphate 
of iron, and to prevent flirther bleeding should it occur. 

The persulphate of iron should be kept in or about all working-places. 

Bleeding from scalp wounds.— A. pad or compress is placed Immediately 
before the ear over the region m«rked (Fio. 6) by a doued line. The com- 
press is firmly secured by a handkerchief. If this does not arrest bleeding 
a similar compress on the opposite side should be applied. Should the ble«i- 
ing issue from a wound of the posterior, or back part of head, a compress 
should be placed behind the ear over the region marked (in Fig. 6) by the 
dotted line, and firmly secured by a handkerchief or bandage. 
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TABLES SHOWING DISTANCE FROM CENTER TO CENTER OP 
BREASTS OR CHAMBERS .ALONG GANGWAYS OR ENTRIES. 



Width of Breast + Width of FiUi =4l/>Uet. 


Width o' Breast + Width of Pillar — 25 feet. 


Angle between 
Gugway and Breasts. 


Distance fh>m Center 
to Center, along 
Gangway, in feet. 


Angle between 
Gangway and Breasts. 


to Center, along 
Gangway, in feet. 


90° 


200 


90° 


25-0 


85° 


200 


850 


25-1 


80° 


20-3 


80° 


25-4 


75° 


20-7 


75° 


25-9 


70° 


21-2 


70° 


26-6 


65° 


220 


65° 


27-6 


60° 


280 


60° 


28-9 


55° 


24-4 


55° 


30-5 


50° 


25-8 


50° 


82-6 


45° 


28-2 


46° 


35-4 


40° 


811 


40° 


38-9 


35° 


84-9 


36° 


43-6 


30° 


400 


30° 


60-0 


25° 


47-8 


25° 


69-2 


20° 


58-5 


20° 


731 


15° 


77-4 


16° 


96-6 


10° 


115-2 


10° 


144-0 


5° 


229-5 


5° 


286-9 


Width of Breast + Width of Pillar = 80 feet. 


Width of Breast + Width of Pillar =85 fbet. 


90° 


30.0 


90° 


35-0 


85° 


30-1 


85° 


861 


80° 


30-5 


80° 


86-5 


75° 


81-1 


75° 


36-2 


70° 


31-9 


70° 


37-2 


65° 


33-1 


65° 


38-6 


60° 


34-6 


60° 


40*4 


55° 


36-6 


65° 


42-7 


50° 


89-2 


60° 


46-7 


45° 


42-4 


46° 


49-5 


40° 


46-7 


40° 


54-5 


35° 


52-3 


35° 


61-0 


30° 


600 


80° 


70-0 


25° 


71-0 


25° 


82-8 


20° 


87-7 


20° 


102-4 


15° 


115-9 


16° 


135-3 


10° 


172-8 


10° 


201-6 


5° 


344-2 


5° 


401-6 


Width of Breast + Width of Pillar = 40 feet. 


Width of Breast + Width of Pillar = 45 foet. 


90° 


40-0 


90° 


450 


85° 


40-2 


85° 


45-2 


80° 


40-6 


80° 


45-7 


75° 


41-4 


75° 


46-6 


70° 


42-6 


70° 


47-9 


65° 


441 


65° 


49-6 


60° 


46-2 


60° 


52-0 


55° 


48-8 


55° 


54'9 


50° 


52-2 


5(J° 


58-7 


45° 


56-6 * 


45° 


63-6 


40° 


62-2 


40° 


70-0 


35° 


69-7 


85° 


785 


30° 


800 


30° 


90-0 


25° 


94-6 


25° 


106 5 


20° 


117 


20° 


131-6 


15° 


154-5 


15° 


173-9 


10° 


230-4 


10° 


2.=i9-2 


5° 


459-0 


5° 


516-3 
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TABLES SHOWING DISTANCE FROM CENTER TO CENTER OF 
BREASTS OR CHAMBERS ALONO GANGWAYS OR ENTRIES. 



Width of Breast + Width of Pillar =60 feet. 


Width of Breast + Width of PiUar- 55 feet. 


Angle between 




Angle between 


Distance fhnn Center 




Center, along 




to Center, along 


Gangway and Breasts. 


Gangway, iu feet. 


Gangway and Breaats. 


Gangway, in fcec 


90° 


50-0 


90° 


650 


85° 


501 


85° 


55-2 


80° 


50-6 


80° 


55-8 


75° 


51-2 


75° 


56-9 


70° 


531 


70° 


685 


66° 


551 


65° 


60-7 


60° 


57-6 


60° 


63-5 


550 


60-9 


65° 


67-1 


500 


651 


50° 


71-8 


450 


70-6 


45° 


77-8 


40° 


77-6 


40° 


85-6 


350 


87-0 


85° 


95-9 


30° 


1000 


80° 


110-0 


25° 


118-1 


25° 


127-2 


200 


1459 


20° 


160-8 


15° 


192-8 


15° 


212-5 


100 


287-3 


10° 


316-7 


6° 


672-5 


5° 


6311 


Width of Breast + Width of Pillar = 60 Ibet. 


Width of Breast + Width of Pillar— 65 *et. 


90° 


600 


90° 


65-0 


85° 


60-2 


85° 


66-3 


80° 


60-9 


80° 


66-0 


75° 


62-1 


75° 


67-3 


70° 


63-9 


70° 


69-2 


66° 


66-2 


65° 


71-7 


60° 


69-3 


60° 


75-1 


55° 


73-3 


66° 


79-4 


50° 


78-3 


50° 


84-9 


45° 


84-9 


45° 


91-9 


40° 


93;4 


40° 


101-2 


35° 


104-6 


35° 


113-4 


30° 


120-0 


80° 


1300 


25° 


1420 


25° 


153-8 


20° 


175-5 


20° 


190-1 


15° 


231-9 


15° 


251-2 


10° 


345-6 


10° 


374-4 


5° 


688-5 


5° 


745-8 


Width of Breast + Width of Pillar — TO feet. 


Width of Breast + Width of Pillar - 75 feet 


90° 


70-0 


90° 


75-0 


85° 


70-3 


85° 


75-3 


80° 


71-1 


80° 


76-2 


75° 


72-5 


75° 


77-7 


70° 


74-5 


70° 


79-8 


65° 


77-2 


65° 


82-8 


60° 


80-8 


60° 


86-6 


55° 


85-5 


55° 


91-6 


50° 


91-4 


50° 


97-9 


45° 


990 


45° 


1061 


40° 


1090 


40° 


116-7 


85° 


1221 


35° 


180-8 


30° 


1400 


30° 


150i) 


25° 


165-7 


25° 


177-6 


20° 


204-7 


20° 


219-8 


15° 


270-5 


15° 


289-8 


10° 


4031 


10° 


482-0, 


5° 


8032 


^° r 
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8PIBAL WELD STEEL TUBES. 
Manu&ctured by the Spiral Weld Tube Co., 43 John St., New York. 

The strenfirth of spirally welded tubing is, of course, in proportion to the 
thickness of metal used and the diameter. The following table shows the 
proof strenfirth and ultimate strength of spirally welded steel pipes of various 
oiameterB, from 6 inches to 24 inches, and of different thicknesses of metal, 
as shown by the commercial designations; "Light," "Standard," "Heavy," 
and "Extra Heavy." By "elastic limit" is meant the pressure per square 
inch which the pipe will carry without a stretch or distortion great enough 
to produce a permanent set; by "ultimate strength" is meant the pressure 
per square inch required to burst the pipe : 

The couplings, etc., of spirally welded tubing are specially designed, and 
are strong, light, and convenient. 

UGHt SPIRAL WELD TUBES. 



16 
18 



22 
24 



Ipprozlmato Weight 
Per Foot. 



PoondB. 
17-83 
18-71 
20*68 

22-eo 

24-61 



Elastio Limit 
Per Square Inch. 



Ultimate Strength 
Per Square Inch. 



Pounds. 
415 
869 
382 
302 
277 



Pounds. 
674 
699 
539 
490 
449 





STANDARD SPIRAL WELD TUBES. 




6 


4-66 


866 


1,408 


8 


6-22 


650 


1,056 


10 


9-84 


664 


1,079 


12 


11-81 


553 


899 


14 


14-27 


474 


771 


16 


21-53 


546 


886 


18 


24-21 


484 


787 


20 


26-37 


436 


709 


. 22 


29-30 


396 


644 


24 


31-89 


363 


590 



12 
14 
16 
18 
20 
22 
24 



HEAVY SPIRAL WELD TUBES. 




EXTRA HEAVY SPIRAL WELD TUBES. 



18-89 
22-54 
•31-89 
35-76 
39-63 
43-43 
47-36 



765 
825 
733 
660 
600 
550 



1.451 
1.244 
1,341 
1,192 
1,073 
975 
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HYDROSTATICS. 



HvdrostaticB.treats of the eqailibriam of liquids, and of their pressares on the 
walls ofyesBelscontainins; them; the science depends on the way in which 
the molecales of a liquid form a mass under the action of gravity and molec- 
ular attraction, the fatter of which is so modified in liquids as to give them 
their state of liquidity. While the particles of a liquid cohere, they are free to 
slide upon one another without the least apparent friction; and it is this per- 
fect mobility that gives them Uie mechani<ULl properties considered in hydro- 
statics. 

The fundamental property may be thus stated: When a pressure U eoeerted 
on any pari €f the surface qf a liquid, that pressure is transmitted undi- 
minisMd to aU parts of the mass, and in all directions. This is a physical 
axiom, and on it are based nearly all the principles of hydrostatics. 

Eqnllibriwm of llqwtds.— This is a property of liquids that can be easily 
demonstrated, and examples are frequently seen. Thus, if two barrels are 
connected at the bottom with a pipe, and water is poured in one until it 
reaches to within a foot of the top, the water in the other will be found to have 
attained the same height. 

Preaaare of llqaids on sarflaees.~The general proposition on this point is as 
follows : The pressure of a liquid an anu surface immersed in it, is eqital to the 
weight qf a column of ^liquid whose base is the surface pressed, and whose 
height is the perpendicular depth <tf the centre qf graoiiy of the surface beloto the 
sutfaeeqftheHquid. The pressure thus exerted is independent of the shape 
or size of the vessel or cavity containing the liquid. 

ny point of any surface, eittier curved or 

) surface at that point. 

„ ^ ^ if a liquid is equal in every direction, and is 

in direct proportion to the vertical depth below the surface. 

The weight of a cubic foot of fresh water, at ordinary temperature of the 
atmosphere, that is, from 82^ Fahr. to 80° Fahr., is usually assumed at 82.5 lbs. 
This is a trifle more than the actual weight, but is sufficiently close for pur- 
poses of calculation. 



or size ox ine vessel or caviiy coniaining 
The pressure of a liquid aniinst any poi 

plane, is always perpendicular to the surfs 
At any given deptn the pressure of a liq 



To And the pressure exerted by qalet water against the tide of a gasg- 
way or heading.— Multiply the area of the side in square feet by the perpen- 
dicular distance from the surface of the water to a point eqiii-distant between 
the top and bottom of the submerged heading or gangway, and multiply ths 
product by 62.5. The result will be the pressure in lbs., exclusive of atmos- 
pheric pressure. This latter need not be considered in ordinary mining work. 

BzAXPLB.— If an abandoned colliery, opened by a slope on a pitch of 25^ 
and 100 yds. long, is allowed to fill with water, what is the average pressure 
exerted on each square foot of the lower rib of the gangway, assuming that the 
gangways were driven dead level, and that the length of the slope was measured 
to a point on the lower rib equi-distant between top and bottom of gangway. 
We here have a perpendicular height of water = 300 X sine of 25® =l26-78 ft 
Then the pressure on each square foot of the lower rib of gangway = 128-78 X 
62-5 Ibs.^ or the weight of 1 cubic ft., or a pressure on each square foot of sur- 
face of 7,923*75 lbs., or over S^ gross tons. The total pressure exerted along 
the gangway may readily be found by multiplying the 7,928-76 lbs. by the 
number of square feet of the lower rib against which it rests. 

To Had the total pressure of quiet water against and perpendiealar to 
aay sarfaee whatever, as a dam, embankment, or the bottom side or top of 
any containing vessel, water pipe, etc., no matter whether said surface be ver- 
tical, horizontal or inclined; or whether it be flat or curved; or whether it reach 
to the surface of the water or be entirely below it: 

Multiplv the area, in square feet, of the surface pressed, by the vertical 
depth in feet of its centre of gravity below the surface of the water, and this 
product by 88-6. The result will be the pressure in lbs. r^ ooolp 
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Thus, aBsnmlngtbatin 
the annexed 3 flgares the 
depth of water in each 
dam was 12 ft. and the 
wall or embankment 
was 60 ft. lone, then in 
Mg. 1 the total pressure 
would equal 12 x 60 X 
6 X 68-5 = 286,000 lbs. 




Flg.l. 



Fig. 2. 



Fig. 8. 



In Jigs. 2 and 3 the walls or embankments being inclined, expose a 
greater surface to pressure, sav 18 ft. from A to B. Then the total pressors 
equals 18 X 60 X 6 X 88.6 = 887,600 lbs. 

Now, the results obtained are the toto/ pressures without regard to direction. 
In Mg. 1 the total pressure calculated, or 2^5,000 lbs., is horizontal, tending 
either to overturn the wall or make it slide on its base. The centre of pressure 
is at C or ^ of the vertical depth f nmi the bottom. 

In Fig. 2 the pressure is exerted in two directions; one pressure, acting hori- 
zontally, tends to overthrow or slide the wall, while the other, acting verUcally, 
tends to hold it in place. 

In Fig. 8 the pressure is also exerted in two directions; one pressure, acting 
horizontally, tends to overthrow or slide the wall, while the other tends to lift. 

So long as the vertical depth of water remains the same, the horizontal press- 
ure remains the same, no matter what inclination is given the wall. Thus, in 
Figs. 2 and 3, the horizontal pressure is the same as in Fig. 1, or k26,000 lbs. 

The total pressure of the water is distributed over the entire depth of the 
submerged part of the back of the wall, and is least at the top, gradually in- 
creasing toward the bottom. But so far as regards the united acuon of every 
portion of it, in tending to overthrow the wall, considered as a single mass of 
masonry, incapable of being bent or broken, it may all be assumed to be applied 
at C, which is ^ of the vertical depth from the bottom in Fig. 1, or, what is the 
same thing, ^ of the slope distance from the bottom in Figs. 2 and 8. 

No matter how much water is In a dam or vessel, the pressure remains the 
same, so long as the area pressed and the vertical depth of Its centre of gravity 
below the level surface of the water remains unchanged. Thus, if the water 
in dam shown in Fig. 1 extended back 1 mile, it would exert no more pressure 
against the wall than if it extended back only 1 foot. 

in any two vessels having the same base, and contain- 
ing the same depth of water, no matter what quantity, the 
pressures on the bases are equal. Thus, if Figs. 4 and 5 
have the same ba^e and be filled with water, the pressure 
on the bases will be equal. This fact, that the pressure on 
a given surface, at a given depth, is independent , of the 
quantity of water, is called the hydrostatic paradox. 

As the pressure of water against any point is at right 
angles to the surface at that point, it follows that props or other strengthening 
material for the strengthening of ^uch structures as a sloping dam, should be so 
placed as to offer the greatest resistance in a line at right angles to the sl<ming 
surface, and these supports should be strongest and closest together at the Dot- 
torn. For the same reason the hoops on a circular tank should ne strongest and 
closest at the bottom. 

Tra«iintRsion of pressure through water.— Water, in common with other 
liquids, possesses the important property of transmitting press- 
ure equally in all directions. Thus, if a vessel is constructed 
with two cylinders, the area of one being 10 square inches, and 
that of the other 100 square inches, and the vessel is filled with 
water (see Fig. 6), and pistons fitted to the cylinders, a pressure 
of 100 lbs. applied at A will balance 1,000 Ds. at B. This is the 
principle of the hydrostatic press. 

Air and other gaseous fluids transmit pressure equally in all 
directions, like liquids ; but not as rapidly. Fig. 6. 

To find the pressure at any ffiven depth.— For lbs. per square inch, mul- 
tiply depth in feet by -434. For ros. per square foot, multiply depth in feet by 
62 6. For tons per square foot, multiply depth in feet by •0279. 

The pressure per square foot at different depths increases directly as the 
depths. The total pressure against a plane 1 ft. wide at different depths 
increases as the square of the depths. 
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TABLE 8HOWIKO PRSSSURS IN LBS. PKR BQUARl VOOT AT D UFJUfN T TSBTI- 
CAL DKFTHB, AND ALSO THE TOTAL PBSB8UBS AOAIN8T A PLANS 1 FOOT 
Wn>B BXTSNDINO VXRTICAL FROM THR 8URFACB OF THE WATKR TO TBI 
8AJIB DBPTH8. 



»r 


Pressure 


Totol 


Depth 


Pressure 


Total 


Depth 


Pressure 


Total 


in lbs. 


Pressure 


in 


in lbs. 


Pressure 


in 


in lbs. 


Pressure 


feet 


pr. sq-ft. 


in lbs. 


feet. 


pr. sq.ft. 


in lbs. 


feet. 


pr. sq.ft. 


in lbs. 




62.5 


81 


27 


1,687 


22,781 


65 


-fi2 


182,026 




125 


125 


28 


1,750 


24.500 


70 


75 


158,124 




187 


281 


29 


1,812 


26,281 


75 


87 


175,779 




250 


600 


80 


1,876 


28,125 


80 


00 


200,000 




812 


781 


81 


1,987 


80,031 


86 


12 


225,776 




875 


1,125 


32 


2,000 


82,000 


90 


25 


253,124 




437 


1,531 


33 


2,062 


34,031 


95 


37 


282,026 


8 


500 


2,000 


34 


2,125 


36,125 


100 


30 


312,500 


9 


563 


2,631 


85 


2,187 


38,281 


110 


75 


378,124 


10 


696 


8.125 


86 


2,260 


40,500 


120 


00 


450,000 


11 


687 


8,781 


87 


2,812 


42,781 


180 


25 


528,100 


12 


750 


4,500 


88 


2,375 


45,125 


140 


50 


612,496 


13 


812 


5,281 


39 


2,437 


47,531 


150 


75 


703,116 


14 


875 


6,125 


40 


2,500 


50,000 


160 


: 00 


800,000 


15 


937 


7,031 


41 


2,562 


52,531 


170 


1.,.25 


903,100 


16 


•1.000 


8,000 


42 


2,625 


55,125 


180 


11,250 


1,012,496 


17 


1,062 


9,031 


43 


2,687 


57,781 


190 


11,875 


1,128,100 


18 


1.125 


10,125 


44 


2,750 


60,600 


200 


12,500 


1,260,000 


19 


1,187 


11,281 


45 


2,812 


63,281 


225 


14,062 


1,582,025 


ao 


1.260 


12,600 


46 


2.875 


66,125 


250 


15,625 


1,953,100 


21 


1.812 


13,781 


47 


2,937 


69,031 


275 


17,187 


2,363,275 


22 


1,875 


15,125 


48 


3,000 


72,000 


300 


18,750 


2,812,500 


28 


1.437 


16,531 


49 


3,062 


75,031 


350 


21,875 


3,828,100 


24 


1,600 


18,000 


50 


8,125 


78,125 


400 


25,000 


5,000,000 


25 


1,662 


19,531 


55 


8,487 


94,531 


450 


28,120 


6,828,100 


96 


1,685 


21,125 


60 


8,750 


112,500 


500 


31,250 


7,812,500 



Preasnre of water in ptpeg.— As water exerts a pressure equally in nil direc- 
tions, it is important that in pipe lines the pipe should be sufficiently thick 
to asanre strenffth enough to resist a bursting pressure. In ordinary practice 
the thickness oicast iron water pipes of different bores is calculated by Mr. J. 
T. Fanning^s formula (see p. 464. Hjrdraulic Engineering), wtiich is as follows: 



Thickness \ __ (pressure in Ibs.pr. sq.in.4-100)Xbore in ins . . 333/1 1 
in inches. J .4 X ultimate tensile strength. V "" 



bweinins.^ 



100 / 

Tliis formula, worked out for different heads and different sizes of l>ore. 
yields the following results: 



Head in ft.. 



Presaure in 
lbs, per sq. in. 



50 



iOO I 200 I 300 



21 -7 



43-4 



86-8 I 



130 



500 I 1.000 



434 



217 



Bore, in ins. 




Thickness of Pipe, In inches 






2 


•36 


•87 


•38 


•39 


•4-4 


•48 


3 


•37 


•38 


•40 


•42 


•45 


•54 


4 


•39 


•40 


•42 


•45 


•50 


•61 


6 


•41 


•43 


•47 


•50 


•57 


•75 


8 


•45 


•47 


•52 


•57 


'66 


•90 


10 


•47 


•50 


•56 


•62 


•74 


104 


12 


•49 


•53 


•60 


•67 


•82 


118 


16 


•55 


•60 


•70 


•79 


•98 


r46 


18 


•57 


•63 


•74 


•85 


106 


160 


20 


•61 


•67 


•79 


•91 


115 


1-75 


24 


•06 


•73 


•87 


102 


130 


203 


80 


•74 


•83 


1-01 


119 


1-55 


2^46 


86 


•82 


•93 


115 


136 


r80 


2^88 


48 


•98 


113 


1-42 


1-70 


2'^ 


8-73 
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In the abcnre table the ultimate tensile etrength of cast iron is taken at 18j000 
lbs. per square inch. The addition of 100 lbs. to the pressure is made to allow 
for water-ram. The Halves qf water pipet ehotUd be dosed slowly, and the 
necessity of this increases as the pipes increase in diameter. If this rule is not 
observea, the moihentum of the running water is arrested suddenlv, and a 
great pressure is created against the pipes in all directions, and througnout the 
entire length of the line above the valve, even if it be many miles, and tiiere is 
danger of their bursting at any point. For this reason stop-^tes are shut by 
screws, because they prevent anv very sudden closing; but in pipes of large 
diameters, even the screws must be worked very slowly to prevent bursting. 

Compressibility of liquids.— Liquids are not entirely incompressible, but 
they are so nearly so, that for most purposes they may be considered as incom- 
pressible. The bulk of water is diminished about j^ by a pressure of 924 lbs. 
per square inch, or 23 atmospheres: varying slightly with its temperature. It 
IS perfectly elastic, regaining its original bulk when the pressure is removed. 

CONSTRUCTION OP DAMS IN MINES. 
"When, for any cause, it be- 
comes necessary to construct 
dams in mines that must be 
flooded, they must be so de- 
signed and constructed of such 
material as will ensure their 
stability under the utmost 
pressure that can reach them. 
Examples of this kind of work 
are few. In 1881 it was neces- 
sary, owing to a mine fire, to 
flood a portion of the Kehley'a 
Run Colliery at Shenandoah, 
Pa. Owing to the fact that it 
was necessary to do this with- 
out endangering' the men em- ' 
ployed in two neighboring 
coUieiies, working the same 
vein, one of which was con- 
nected with Kehley's Run and 
the other separated only by small pil- 
lars, great skill was required in the 
locating and construction of the 
water barriers. This work was suc- 
cessfully accomplished by Heber S. 
Thompson, Esq., Chief Engineer of 
the Qirard estate, on which the col- 
liery was located. The colliery was 
working its third level in the Mam- 
moth vein, which dipped in this 
locality from 20« to 80® south. The 
Are was in the middle level, and as 
Mr. Thompson aptly states it, the at- 
tempt to Grown out a portion of the 
workings "w^as like an attempt to 
eztinsuish a fire on the second floor 
of a three-storied house, by filling it 
full of water from the first floor to 
the roof. It was necessary to wall up not only the windows of the second and 
third stories where the fire was, but the windows of the first floor and doors 
communicating with neighboring houses. Then, too, the walls of the first 
story had to be carefully examined as to their abilitv to hold together under the 
pressure of the water extending to the roof of tne building." This meant the 
construction of dams in both the middle and lower levels. Those in the 
middle level, besides confining the water to a certain area on that level, 
were so constructed as to relieve those of the lower level from the 
pressure of the water between the middle level and the surface, and 
those on the lower level were constructed to withstand the pressure of 
the water between the middle and lower levels, with sufficient additional 
strength to withstand the pressure of the total height of water, if such con- 
tingency should occur as to make it necessary. The accompanying plans, 
drawn to scale, show the form of construction and the manner in which the 
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walls were keyed into the solid coal. These walls were built of brick and 
cement, and were 15 ft. thick, built in sections of 5 ft. each, arched toward the 
pressitre, with each section 
fitting against and lapping i 
over the inside of it, on 
sides, top and bottom. The 
onter section was cat into the ' 
coal on the sides and on top 
and >K>ttom, deeper than the 
other two, in order to catch 
any slip or creyice that might 
haye escaped the others. On 
the low side, that toward 
which the yein dipped, the 
depth of the catting below 
the level of the gangway 
was 8^ ft. After one section 
of each dam was bailt, the 
workmen erected a section 
of one of the others, thos 
allowine the cement to set 
thoroughly hard before an- 
other section was added. 

The yertical hei^t from the lower to the middle level was 110 ft., and as the 
dams were 18 f trhigh', the average pressure per square foot was about 70,000 lbs., 
or a little over 81 gross tons. 

The plans shown are excellent examples of this class of work, and are given 
as a guide to others who may have occasion to carry out similar work. 



HYDRAULICS. 



Hydraulics treats of liquids in motion, and in this, as in Hydrostatics, water 
is taken as the type. In theory its principles are the same as those of /ailing 
bodies, but in practice they are so modified by various causes that they cannot 
be relied upon except as verified by experiment. The discrepancy arises from 
changes of temperature which vary the fiuiditv of the liquid, from friction, the 
shape of the orifice, etc. As we shall deal with water only, the first cause may 
beinrown aside as of little account. 

&i theory the velocUy cfa jet is the eame <u that qf a body faUing from the 
mfface qfihe water. 

To Hmd the theoretical yeloeitr of a Jet of water.— Let v == the velocity, 
a = the acceleration of gravity (32*16 ft.) and d = the distance of the orifice 
Below the surfa ce of the water. 

Then v = ^9ffd, otv = the square root of twice the product of g x d. 

BxAXFLS.—The depth of water above the orifice is 64 ft .; what is the v elocity? 

Substituting 64 for d, and 32-16 for y, we liave, t; = |/2 X 82*16 X 64 or 64*16. 

To Had the theoretical quantity of water discharged in a given time.— 

Multiply the area of the orifice by the velocity of the water, and that product by 
the number of seconds. 

BzAKFLB.— What quantity of water will be discharged in five seconds from 
an orifice having a n area of 2 sq. ft., at a depth of 16 ft. ? 

^2 X 82*16 X 16 X 2 = 64*16 cu. ft., or the amount discharged in one second, 
and hi five seconds the amount will be 5 X 64*16 = 820*8 en. ft. 

The above rules are only theoretical and are only useful as foundations on 
Which to build practical formulcB, r^ ^^^T^ 

Digitized b>* V^OOQ Lc 



106 COLLIERY ENGIMBBB POCKET-BOOK. 

Flow of water through ortflcMU— The etandard orlfloe, or an orifice so 
arranged that the water in flowing from it touches only a line, as wonld be the 
case in flowing through a hole In a very thin plate, is used for the measurement 
of water. 

The contraction of the iet, which always occurs when water issues from a 
standard orifloe. is due to the circumstance that the particles of water as they 
oriflce move in converging directions and that these directions con- 



approach the orl „ „ 

tmue to' converge for a short distance beyond the plane of the orifice. This 
contraction causes only the inner comer of the orifice to be touched by the 
escaping water. This contraction takes place in orifices of any shape, and its 
cross section is similar to the orifice until the nlace of greatest contraction is 
passed. Owine to this contraction the actual discharge fh)m an oriflce is always 
less than the theoretic dischai^. 

The eoeflleient of eontraction.— The coelBcient of contraction is the num- 
ber by which the area of the orifice is to be multiplied in order to find the area 
of the least cross section of the jet. In this way oy experiment this coefficient 
has been found to be about 0*62 (Merrlman^s Hydraulics) or in other words, the 
minimum cross section of the jet is 62^ of the cross section of the oriflce. 

The coefficient of velocity.— The coefficient of velocitv is the number by 
which the theoretical velocity of flow from the oriflce is to be multiplied in 
order to flnd the actual velocity at the least cross section of the jet. Tlus may 
be taken for practical work as 0*98; or, in other words the actual flow at the 
contracted section is 96^ of the theoretical velocity. 

The coefficient of discharge.— The coefficient of discharge is the number by 
which the theoretical discharge is to be multiplied in order to obtain the actnu 
dischai^. This has been found by thousands of experiments to be equal to 
the prc^uct of the coefficients of contraction and velocity, and for practical 
work it may be taken as 0*61 ; or the actual discharge from standard orifloes is 
61j( of the theoretic discharge. 

The miner's inch.— The miner's inch may be roughly deflned to be the 
quantity of water which will flow in one minute from a vertical standud orifloe 
one inch square, when the head on the center of the oriflce is 6^ inches. This 
equals 1*68 en. ft., and the mean yalue of the miner's inch is therefore about 1*5 
cu. ft. per minute. 

Suppression of the contraction.— When a vertical oriflce has its lower edge 
attheoottomof a reservoir, the particles of water flowing through its lower 
portion move in lines nearly perpendicular to the plane of the onflce, and the 
contraction of the jet does not form on the lower side. The same thing occurs 
in a lesser degree when the lower edge of the orifloe is within a distance of three 
times its least diameter from the bottom. The suppression of contraction wiQ 
occur on the side if it is placed within a distance of thre^ times its least diame- 
ter from the side of a reservoir. The suppression of contraction behig the 
greater the nearer the oriflce is to the side. By rounding the edge of the oriflee 
sufficiently the contraction can be completely suppressed, and the discbarge 
can be increased. As stated before, the value of the coefficient of ccmtracdon 
for a etandard square edged oriflce is 0*62. but with a rounded oriflce it may have 
any value between 0*62 and 1*00, depending upon the degree of rounding. The 
coefficient of discharge for square edged oriflces has a mean value of 0*01: this 
is increased with rounded edges and may have any value between 0*61 and l*O0i 
although it is not probable that values greater than 0*95 can be obtained exccnt 
by the most careful adjustment of the rounded ed^es to the exact curve of a 
completely contracted jet. A rounded interior onflce is therefore always a 
source of error, when the object of the oriflce is the measurement of the dis- 
charge. 

Gauging water.— In gauging, the waste-board must liave a thin edge. Tte 
height must be measurMl from the top of the sill, or waste-board, to the level 
of tne surface where it is not affected by the overfall. The waste-board mnft 
have a free overfall. 

Let H = Heieht of surface of water above sill in feet. 
** h = Height of surface above sill in inches. 
'* y = Velocity of water approaching the sill in feetjMT Moond, 
** C = Cubic feet discharged over each foot width or the nil! jrur mJnirfl. 

Then, if the stream above the sill is not in motion, 

C = 214 X 4/H»r or C = 6*15 X j/hT" 

If the stream is in motion. 



C = 214 X ^Z H» -h .086 V« K«, 
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TABLB or DIBOHABGB VBOM KACH VOOT OV WIDTH OF 8ILL, IB OXmiO FBBT, 
PBB MINUTB. (MOLB8WOBTH.) 
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8 
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4980 


5022 


5116 
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5489 
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9 


5778 
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6165 
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DELIVBRY OP. WATER THROUGH PIPES. 

The term Head^ as applied to flowage of water through pipes, means the ver- 
tical distance from the surface of the water in the reservoir to the center of the 
orifice of the pipe at the point where the water is discharged. The Head should 
always be taken as the vertical distance between the lowest level of the water 
in the reservoir and the discharge orifice of the pipe. 

Eytelwein's fbrmBla for the delivery of water in pipes : 

D = Diameter of pipe in inches. 
H = Head of water in feet. 
L = Length of pipe in feet. 
W = Cubic feet o f water discharged per mi nute. 



Hawksley's formnla. 

6 = Number of gallons delivered per hour. 

L = Length of pipe in vards. 

H = Head of water in feet. 

D = Diameter of pi pe in inches. 



* /L X Wa 



V" "V 



(15D«) X H 



dbyGoOgk 
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Neville's general formula. 

V =: Velocity In feet per second* 

r ^ Hvdraulic mean depth in feet. 

# = The sine of the inclination, or the total fall divided by the total length. 

3 
« = 140 i/HrT —11 -^/TT 

In cylindrical pipes, v mnltiplied by 47-124«P gives the dii^charge per minute 
in cubic feet, or v multiplied by 293*7286<;> gives the discharge per minute In 
gallons; d being the diameter of the pipe in/eei. 

COMPARISON or POBMUUB. 

d 

K = Mean hydraulic depth in feet = Area •*• wet perimeter = - for circular 
section of pipe. 4 

H 
S = Sine of slope = — . 
L 

V = Velocity in feet per second. 
d = Diameter of pipe in feet. 

L = Length of pipe In feet. 
H = Head of water in feet. 

Prony 



V = 9705 |/R S — 008; 
f> = 99.88 j/R~8 — 154. 



Bytelwein v 



y L + 50< 



f>= 108 



50 <l 
R 8 — 018. 



Hawksley v = 



y L-|-64rf 



Neville 
Darcy 



V = 140 i/iTs - 11 >|/R s 

v = C |/R 8; for value of C, see table. 



DIam. of pipe, Ins.. 
Value of C.. 


^ 


1 

80 


2 

93 


3 
99 


4 
102 


5 

108 


6 
106 


7 
106 


8 
107 


Diam. of pipe 

Value of rf.r. 


108 


10 
109 


18 
109-5 


14 
110 


16 
110-6 


18 
110-7 


20 
111 


22 

111*5 


24 
111-5 



Maximum value of C for very large pipes, 118*8. 

Katter v = C >|/R S; where 

*00281 
18H 



c = . 



i + :^(4i* 



Weisbach h 



+ 
0043 



) 



13 \ «« 
•0086 H ) ; 



= 7( 

necessi 
Bin fee 

02 L / 1 \ t>« 

Darcy h = (l -|- ) . . 

d ^ 12d/ 29 



where h = head necessary to overcome the friction in a pipe, and r = the mean 
ndlos of the pipe in feet; g ^ gravity = 32*2. 
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liBLB SHOWING THB TBLOCITT IK FBBT PER SECOND, AND THE SUPPLY IN 
GALLONS PER MINUTE, FOR LONG PIPES FLOWING FULL CALCULATES 

FROM NEViLLB^B FORMULA. (Calculated by J. T. Hurst.) 

For greater diameters than those given in the table, divide the proposed 

diameter by 4, and twice the velocity opposite to the quotient in the table will 

be the required velocity^ or the corresponding supply multiplied by 83 will be 

the approximate supply m gallons per minute. 
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^1 


Head of Water divided by Length of Pipe. 
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"s 


f 
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•21 
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1-47 
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1-37 
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1-78 
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1-24 


116 


1-33 


173 


1-98 


8-18 


2-50 




1 


1-29 


2-63 


1-37 


2-79 


204 
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2-66 


5-22 


1 


1 


1-47 


4-67 


1-56 


4-90 


2-31 


7-36 


2-90 


9*24 


H 


u 
1 
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7-47 


1-78 


7-93 


2-56 


11-75 


3-21 


14-78 


u 


1-78 


illO 


1-89 


11-79 


2-79 


17-43 


8*50 


21-84 


If 


2 


1-92 


15-65 


204 


16-61 


3 01 


24*53 


8-76 


80-72 


2 


8* 


2^18 


27 75 


2-31 


29-45 


340 


43*89 


4-26 


54*35 


^ 


8 


2-41 


44-29 


2-56 


46-99 


8-76 


6911 


4*71 


86-39 


r 


4 


2-88 


92-51 


801 


98-60 


4-41 


144^20 


5*51 


179-78 


4 


5 


8-21 


168*69 


340 


173-70 


4-99 


254-50 


6-22 


81708 


5 


6 


8-55 


260 81 


3-76 


277-10 


5-51 


404-30 


6-86 


60405 


6 


7 


3*87 


886-57 


4^09 


408-45 


5-99 


598-62 


7-50 


749-83 


7 


8 


4-16 


6«-49 


4-41 


675-83 


6-44 


840-68 


8-02 


1046-8 


8 


9 


4*44 


783-88 


4-71 


777-50 


6-86 


1134- 1 


8-54 


1411*6 


9 


10 


4-71 


959-88 


4-99 


1016-9 


7-27 


148-2-3 


9-04 


1844-8 


10 


11 


4-96 


1228-7 


5*26 


1298-4 


7-65 


1888-3 


9-52 


2848*8 


11 


12 


518 


1522-7 


651 


1617-6 


8-02 


2365-8 


9-97 


2028-7 


12 


15 


6-87 


2694-9 


622 


2853-8 


904 


4149-7 


11-24 


61670 


15 


18 


6-48 


4284-7 


6-86 


4586-5 


10-07 


6653-8 


12-88 


8184-8 


18 


24 


7-58 


8900-4 


8-02 


94211 


11-63 


13664-4 


14-48 


16968-8 


24 


ao 


8-54 


15684-6 


9-04 


165990 


13-10 


38998-0 


16-25 


298881 


80 



^1 


Head of Water divided by Lengrth of Pipe. 
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S£ 
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1-73 
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2-18 
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2*37 


-68 


f 


i 
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2*31 


118 


2*56 


1-81 


2-79 


1*42 




f 


2*56 


2*94 


2*90 


833 


8-21 


868 


3*50 


4-01 


X 


1 


301 


6-18 


3*40 


6*94 


8-76 


7-68 


4-09 


8*84 


1 


H 


8*40 


10-85 


3*85 


12-27 


426 


13-59 


4-68 


14-77 


It 


H 


8-76 


17*28 


426 


19*57 


4-71 


21-60 


6* 12 


28-50 


u 


4-09 


25-53 


4-68 


28-95 


5-12 


31*98 


5-57 


84-79 


If 


2 


4-41 


35-99 


4-99 


40-67 


5-51 


44-98 


5-99 


48*87 


2^ 


2* 


4-99 


63-55 


5*63 


71-79 


6-22 


79-27 


6*76 


8618 


^ 


8^ 


6-61 


101-10 


6-22 


114^15 
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7*50 


137-72 


r 


4 
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7*27 


237-17 


8-02 
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284-34 


4 


5 


7*27 


870-57 
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418*02 


904 


461-08 


9-82 


600-86 


5 


6 


8-02 


688-82 


904 


663-96 


9-97 


732-18 


10-83 


796-20 


6 


7 


8-71 


870-78 


9*82 


981-68 


10-83 


1082-4 


11-76 


1175-8 


7 


8 


9-86 


12220 


10-55 


1877-3 


11-63 


1518-3 


12*63 


1648*4 


8 


9 


9*97 


1647-4 


11-24 


1856-4 


12-38 


2046*2 


13*44 


2221 8 


9 


10 


1055 


2152-0 


11*89 


2424-5 


1810 


2665-9 


14-22 


2900-4 


10 


11 


11-10 


27401 


12*49 


3082*9 


13*78 


8401-4 


14-96 


8691-7 


11 


12 


11:63 


8416 1 


13-10 


3838-9 


14*43 


4239-6 


15 66 


4601-1 


12 


15 


18 -10 
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14-75 


6769-5 


16*25 
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17-68 


8091*3 


15 


18 


14-43 


9539- 1 


16*25 


10738-1 


17-89 


11826-3 


19-41 


12830*1 


18 


24 


16*81 


19754 1 


18*92 


22228-8 


20-83 


24474-3 


22-59 


26546*4 


24 


80 


18*92 


34732*5 


21*28 


390r3*2 


23-43 


43011 1 


25-41 


46642-4 


80 
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Head of Water divided by Length of Pipe. 
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30*68 
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Head of Water divided by Length of Pipe. 
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1099-9 
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18 
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67*04 


80767-7 
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32498*7 


16 


18 
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18 


24 
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80-44 
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84 


30 
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7RICTI0K OF KNEES AND BENDS. 



A = Angle of bend or knee with forward line 
of direction. 

V = Velocity of water in feet per second. 

B = Radius of centre line of bend. 

r = Radius of bore of pipe (or ^ diameter). 

K = Coefficient for angles of Icnees. 

L = Coefficient for curvature of bends. 

H = Head of water in feet nocessarv to over- 
come the friction of tlie'bend or knee, 
or knees, H = -0155 V K. 

The value of E is as follows for different angles: 




A° = 
K = 



046 



40° 
189 



•364 



80° 
•74 



90° 



100° 
1*26 



lao" 

1-88 



For bends, H = -0165 ¥«("— L Y 
V180 / 



180 
Values of L with various ratios of the radius of bend to radius of bore: 



r 
When — = 
R 


•1 


2 


•3 


-4 


5 


•6 


•7 


-8 


•9 


1-0 


In circular section L 
In rectangular L 


•181 
•124 


-138 
-135 


•158 
-18 


-206 
25 


294 
4 


44 
•64 


*66 
1-01 


•98 
1-55 


1-4 
8-8 


8-0 
3-8 



PUMPING ENGINES. 

G = Number of gallons to be raised in 24 hours. 
F = Number of cube feet raised in 24 hours. 
h = Height in feet to which the water is to be raisedt 
H P = Actual horse-power required, ^ t 
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QXh VXh 

HP = or- 



4752000 763088 . 

20 per cent, mast be added to overcome a friction, etc., and 50 or 60 per cent. 
more is nsnally allowed for contingencies, making a total of 70 or 80 per cent, 
additional power. 

TO FIND THE DiAMBTBit Of ▲ 8tN0LE-A.CTlKo PVMP. 

L = Length of stroke in feet. 

O = NumlMir of gallons to be delivered per minute. 

F =s Number of cubic feet to be delivered per minute. 

N = Number of strokes per minute. 

D = JDiameter of pump in inciies. 

P = 00545 Da LN. 



G = 034 03 LN. 
^ V/ •034LN 



»v- 



JVW«.— These formulas give the net diameter 
of the pump-plunger; it is usual to increase 
the area of the plunger ^th, to allow for leak- 
age, etc. 



00545 LN 



USBFUL MUMBBR8 FOR PUMPS. 

J) = Diameter of pump in inches. I D.a S X '002833 = gallons. 
S = Stroke of.pump in inches. D.* S X '0004545 = cubic feet. 

D.« 8 X '7864 = cubic inches. | D.a 8 X 02833 = lbs. fresh water. 



THE TRANSMISSION OF POWER BY THE USE OF 

COMPRESSED AIR. 

By B. Hill, of Norwalk Iron Works Co. 

The increasing use which is being made of compressed air engines, for mine 
and undergronim work, stimulates the inqnirv regarding their etticiency. By 
the term efficiency, we mean the percentage ^ hich the power given out by the 
air engine bears to the power required to compress the air in the compressor. 

The situation is appMently very simple. An engine drives an air compressor 
which forces air into a reservoir. The air under pressure is led through pipes 
to the air engine and is there used after the manner of steam. 

The resnltlnff power is frequently a small percentage of the power expended. 
In a large nuniber of cases the losses are one to ppor designing, and are not 
chtfgeaole as faults of the system or even to poor workmanship. 

The losses are chargeable, first to friction of the compressor. This will amount 
ordinarily to 15 or 20 peir cent., and can be helped by good workmanship, but 
cannot probaUy be reduced below 10 per c nt. Second, we have the loss 
occasioned by pnmping the air of the engine room, rather than air drawn from 
a coolerplace. This loss varies with the season and amounts to from 3 to 10 per 
cent. Tnis can all l>e saved. The third lo.-^s or scries of losses arises in the 
compressing cylinder. Insufficient supply, difficult discharge, defective cooling 
arrangements, poor lubrication, and a nost of other causes, perplex the designer 
and rob the owner of power. The fourth loss is found in the pipe. This nas 
heretofore received by no means the consideration which the suoject demands. 
The loss varies with every different situation, and is subject to somewhat com- 

gex influences. The flf th loss is chargeable to fall of temperature in the cylin- 
>r of the air engine. Losses arising from leaks are often serious, but the 
remedy is too evBent to require demonstration. No leak can be too small 
to require immediate attention. An attendant who is careless about packings 
and hose couplings will permit losses for which no amount of engineering skUl 
can compensate. 

We can only realize 100 per cent, efficiency in the air engine, leaving friction 
out of onr consideration, when the expansion of the air and the changes of its 
temperature in the expanding or air engine cylinder are precisely the reverse of 
the changes which have taken place during the compression of the air in the 
compressing cylinder. But these conditions can never be realized. The air 
during compression becomes heated, and during expansion it becomes cold. If 
the air immediately after compression, before the loss of any heat, was used in 
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an air engine and there perfectly expanded back to atmospheric prewure, it 
would on being exhanstea have the same temperature it had before compresaion 
and its efficiency would be 100 per cent. 

But the loss of heat after compression and before nee cannot be prevented, as 
the air is exposed to such very large radiating surfaces in the reservoir and pipes, 
on its passage to the air engine. The heat, which esciq)es in this way, did, 
while in the compressing cylinder, add much to the resistance of the air to com- 
pression, and since it is sure to escape, at some time, either in reBervoir or pipes, 
ft is eyidently the best plan to remote it as fast as possible from the cylinder 
and thus remove one element of resistance. Hence we find compressors are 
almost universally provided with cooling attachments more or less perfect in 
their action, the aim being to secure isothermal compression, or compression 
having equal temperature throus^hout. Where the temperature rises, without | 
check, during compression, the term adiabatic compression is employed. 

If air compressed isK)thermally is used with perfect expansion and the fall of 
temperature during expansion be prevented, then we will have 100 per cent, effi- 
ciency. But air will grow cold on being expanded in an engine and bmice we 
conclude that warming attachments have the same economic place on an air 
engine, that cooling attachments have on an air compressor. In fact we find 
attachments of this kind, more particularly in large and permanently located 
engines, but for practical reasons their use on the most of engines for mine 
work is dispensed with, and the engines expand the air adiabatically, or without 
receiving heat. 

The practical engineer therefore has to deal with nearly isothermal compression, 
and nearly adiabatic expansion, and must also consider that the air in reservoirs 
and pipes becomes of the same temperature as surrounding objects. Consider- 
ation must also be had for the friction of the compressor and the air engine. 
We find for the ordinary pressures, about 60 pounds which are most commonly 
used, that the decrease in resistance to compression, which is secured by the 
cooling attachments, is almost exactly equaled by the friction of the compressor. 
Hence it is safe in calculating the efilciency of the air engine, to consider the 
compressor as being without cooling attachments and also as working without 
friction. The results of such calculations will be too high efficiencies for light 
pressures, which are little used,— about correct for medium pressures which are 
commonly employed, and too low for higher pressures, and will thus have the ad- 
vantage of not being over estimated. This result is occasioned by ttie fact, that 
owing to the slight heat in compressing low pressures of air the saving of 
power by the cooling attachments is not eqiial to the friction of the machine, 
out at high pressures on account of the great neat the cooling attachments are of 
great value and save very much more power than friction consumes. 

In the expanding endues, the expansion never falls as low ns the adiabatic 
law would indicate, owing to a number of reasons, but we will consider the 
expansion as being adiabatic, as an error in calculations caused thereby will be 
on the " safe side *' and the actual power will exceed the calculated. We there- 
fore consider the compressor and endne as following the adiabatic law of com- 
pression and expansion and as working without friction. 

With this view of the case, the efficiency of an air engine, working with per- 
fect expansion, stated in percentages of the power required to operate the com* 
pressor, can be placed as below for the various pressures above the atmosphere. 
Pressure above the atmosphere, 2*9 lbs. 94 '85 per cent, efficiency. 

.. U .r 14-7 ti 8I.79 .4 4» it 

.4 .. a »» 29.4 .» 72-72 u »* »» 

i. " " 441 " 66-90 " 

«. « u gg.g .4 g2-70 " 

»4 44 4. 785 i» 69-48 " " *• 

44 44 44 44 ^8-2 «i 66-88 44 .4 44 

We observe that the efficiencies for the lower pressures are very much greater 
than for the high pressures, and the conclusion is almost irresistible that to secure 
economical results, we must design our air engines to run with light pressun^. 
And in fact, the consideration of tables similar to the above, heretofore published 
by writers on this subject, has led many engineers into grave errors. 

The pipe has bern entirely neglected. We notice that a pressure of 2'9 lbs. is 
credited with an efficiency of 94*85 per cent. It is clear that if the air was con- 
veyed through a pipe, and the length of the pipe and the velocity of flow were 
such that 2 9 lbs. pressure was lost in friction then its efficiency instead of being 
94'^ per cent, would be absolutely zero. It is therefore the power, which we 
can get from the air after it has passed the pipe and lost a part of its pressure by 
friction, that we must consider, when we state the efficiency of our entire app^ 
ratus. 
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Onr taible of efficiencies with a loss of 2*9 lbs. in the pipe, now gives us dif- 
ferent yaiaes for the efficiencies at the various pressores. 

Pressure above the atmosphere, 2*9 lbs. 00*00 per cent, efficiency, 
u <( *4 it j^jj* 4» 70*44 ** ** ** 

4« 4» 44 14 gg.4 44 gg.gj 44 44 44 

44 44 .4 44.J 44 Q^.^fT " " " 

44 44 44 44 Qg.g U Ql-^ 44 44 44 

44 . 44 44 44 ^.5 44 gg.Qg " «» " 

44 44 44 44 88*2 '* 56*28 ** ** ** 

It will be noticed that the light pressures have lost most bv the pipe friction ; 
2*9 lbs. having lost 100 per cent. ; 14*7. lbs. 11 per cent, and 88*2 lbs. only a trifle over 
one-half of one per cent. We see that now 14*7 lbs. is apparently the econom- 
ical pressure to use. But a further careful analysis of the subject shows, that 
when the loss in the pipe is 2*9 lbs., then 20*5 lbs. is the most economical 

iiressnre to use and that tne efficiency is 71 per cent. But 2*9 lbs. is a very small 
OSS between compressor and air engine, and cases are extremely exceptional 
where the friction of valves, pipes, elbows, ports, etc., does not far exceed this. 
Tet. with these conditions, which are very alfficuH to fill, we see that 20*5 lbs. is 
the lightest pressure which shoald probablv ever be used for conveying power, 
and that 71 per cent, is an efficiency scarcely to be obtained. 

Continuing our investigation and taking examples where the pipe friction 
amounts to 6*8 lbs., we find the following eflSciencies to correspond to the stated 
pressure: 

Pressure above the atmosphere, 14*7 lbs. 57*14 per cent, efficiency. 
4. 44 4. 29-4 .. 54.49 4. - 

4» 44 .4 44-1 4. g2*71 " 

44 »4 58-8 44 80.12 '« 

44 44 44 44 73.5 44 57.73 44 

44 44 44 88.2 i* 55.59 .» 

We again notice that as friction increases, or in other words, when we begin 
to nse more air and make greater demands on the carrying capacitv of the pipe, 
then we must increase pressure very considerably to attfdn the most eco- 
nomical results. If the demands are such as to increase the friction and loss in 
pipe, to 14*7 lbs., the air of 14*7 lbs. pressure at the compressor is entirely useless 
at the air engine. 
The table will stand thus : 

Pressure above the atmosphere, 14*7 lbs. 00*00 per cent, efficiency. 
29*4 " 48*58 " ** 
.4 4* 44 .4 44-1 44 55.18 »» »« 

44 44 44 4. 58-8 ♦* 6564 " " " 

(4 .4 44 78*5 " 54* r4 " " *' 

4* 44 44 .4 88-2 " 68-44 " " »* 

It is to be noticed that 88*2 lbs. pressure has lost only about 8^percent. of its 
efficiency by reason of as high a friction as 14*7 lbs. while the efficiency of the 
lower pressures has been greatly affected. 

As tne friction increases we see that the most efficient and consequently most 
economical pressure increases. In fact, for any given friction in a pipe the 
pressure at the compressor must not be carried below a certain limit The 
following table gives the lowest pr€8$ure8 which should be used at the com- 
pressor with var^ng amounts of friction in the pipe : 

^'" 20*5 lbs. at compressor. 70*92 efficiency. 

9aA " f» 6449 " 

" 60*64 

57-87 
" 55*73 

5896 
52-52 
51-26 
50-17 
49-19 
So long as the friction of the pipe equals the amounts given above an effi- 
ciency greater than the corresponding sums stated in the table cannot be 
expected. If wo should have a case which corresponded to any of these cited in 
the table, we could onl]r increase efficiency by reducing the friction. 

An increase in the size of pipe will reduce friction by reason of the lower 
velocity of flow required for the same amount of air. But many situations will 
not admit of large pipes being employed, owing to considerations of economy 
oatside of the quegtion of fuel or prime motor capacity. 
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An increase of pFesenre will decrease the bnik of air passing the pipe, and in 
that proportion Will decrease its velocity. This will decrease the loss by fric- 
tion, and, as far as that goes, we have a eain. But we subject oorselves to a new 
loss, and that is the diminishing efficiencies of increasing pressures. Tet as each 
cubic foot of air is at a hiehtr pressure and therefore carries more power, we 
will not need as many cubic feet, as before, for the same work. It is obvious 
that, with so many sources of gain or loss, the question of selecting the {ffoper 
pressure is not to oe decided hastily. 

As an illustration of the combined effect of these different elements we will 
suppose a very common case. 

Compressor 108 revolutions, pressure 52*8 lbs., loss in pipe 14*7 lbs., machine 
in mine running at 38'2 lbs., efficiency 56*78. 

So long as the friction of the pipe amounts to 14*7 lbs., we have seen tiliat 68*8 
lbs. is the best pressure and 55*73 the greatest efficiency. We will reduce the 
friction by reducing the bulk of air passing through the pipe. We reduce the 
cylinder of the air engine so that it requires 47 lbs. pressure to do the same 
work as before. We find now the friction of pipe drops to 11*7 lbs. The 
pressure on the compressor rises to 58*8 lbs. its number of revolutions falls to 100 
and the resulting efficiency is 57*22 per cent. 

Another change of pressure on compressor to G4'7 lbs. would decrease its 
revolutions to 98, friction to 8*8 lbs., and efficiency would rise to 57*94 per cent. 
Still again increasing pressure to 73*5 lbs. we have only 84 revolutions of com- 
pressor, 5*8 lbs. loss in pipe and efficiencv of 57*73 per cent. In this last case 
the efficiency begins to fall off a little, and higher pressures would now show leas 
efficiency, but, in comparison with the first example, we find we are doing the 
same work in the mine with a trifle less power and with a decrease of nearly 
20 per cent, in the speed of the compressor. 

Other common examples can be shown where an increase of pressure would 
result in wonderful increase in efficiencv and economy. There are many cases 
where light pressures and high velocity in the pipe will convey a given power 
with greater economy than higher air pressures and lower speed of flow through 
the pipe. But these cases arise mostly when the higher air pressures become 
very much greater than are at present in common use. 

'Hieref ore in estimating the efficiency of the complete outfit we find that the 
pipe and the pressure are very important elements and must be determined with 
care and skill to secure the most satisfactory results. As the volume and power 
of air varies with its pressure, the size and consequent cost of compressor for a 
certain work would also be affected by the pressure. To plan an outfit for a 
mine due regard must be had to cost of fuel or prime motor power, and also to 
cost of compressor, pipes and machinery, as the saving in one is often secured 
by a sacrifice in the other. 

Next to determining the si2e of pipe, the skillful engineer has need of further 
care in the proper position of reservoirs, branches, drains and other attach- 
ments, as only by the exercise of good judgment in this can satisfactory 
working be secured. 

FRICTION OF AIR IN PIPES. 

Air in its passage through pipes is subject to friction in the same manner as 
water or any other fluid. The pressure at the compressor must be greater than 
at tiie point of consumption in order to overcome this resistance. The power 
which is needed to proauce the extra pressure representing the friction of the 
pipe, is lost, as there can be no useful return for it. The friction is affected by 
very many circumstances, but chiefly to be noted, is the fact that It increases in 
direct proportion to the length of the pipe and also as the square of the velocity 
of the flow of air. The pressure of the air does not affect it. 

The losses by friction may be quite serious if the piping system is poor^ 
designed, and on the other hand extravagant expenditure in pipe may result 
from a timid overrating of the evils of friction. A thorough knowledge of the 
laws governing the whole matter, as well as a ripe experience, is necessary to 
secure true economy and mechanical success. 

The loss of power in pipe friction is not always the most serious result. When 
a number of machines are in use in a mine ana the pipes are so small as to cause 
a considerable loss of pressure by friction, then there will be sudden and violent 
fluctuations in pressure whenever a macliine is started or stopped. Breakages 
will be of common occurrence as the changes are too quick to be entirely 
guarded agaiust bv the attendant. Perfectly even pressure at the compressor is 
no safeguard against this class of accidents. The trouble arises in the pipe and 
the remeidy must be there applied. A system of reservoirs and governing valves 
will regulate these matters and allow successful work to be done with pipes 
which would otherwise be entirely inadmissible. 
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Mlilltlon to tbe losses given lu tbe table. 

TABUB BHOWINQ LOSS BT FRICTION IN BLBOWS. 

An elbow, with a radius of one-half the diameter of the pipe, is as short as can 
be made. 
Radios of elbow 5 diameters. Equivalent length of straight pipe 7*85 diametrse. 



3 
2 



8-24 

9-03 
10-36 
12-72 
17-61 
35-09 
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MINE SURVEYING. 



InstrameiitB.— The instramente necesBary to make a mine snrvey are a traaeit 
or compass, chain or steel tape and pins, and a clinometer or Bloi>e level. Other 
necessary tools are a hatchet and nails for marking stations, or any other tools 
that the surveyor may need to mark them according to his favorite plan, and a 
i5 ft. or a 60 ft. metallic tape line. 

THE COMPASS. 

The compass mav be either a pocket compass, or a 8nrveyor*8 compass, and 
may be used by holding in the hand, or with a tripod. The Jacobus Staff, con- 
venient for use on the surface, is frequently useless in the mine. The comiMaa is 
not accurate enough for the construction of a general map of the mine. It is 
useful inasmuch as it enables the mine foreman to readily secure an approxUnaU 
idea of the shape of his workings, and from a plan constructed by its use be can 
get an approonmate course on which to drive an opening designed to connect 
two or more given points. If the opening is one that willbe expensive to drive, 
and should be straight, the compass survey should never be relied on. The 
Pocket-Compass consists merely of a magnetic needle swinging f^ly on a pfvot 
in the centre, all enclosed in a metallic or wooden box with a glass face luider 
which is a circle graduated into 360 degrees. They are made l^h with folding 
sights and without. These folding sights are accurately placed at the North anS 
South sides of the compass box, tmtt on the North end being a slot in which is 
fixed a perpendicular wire, and that on the South end being merely a line slot 
with several small circular holes along it, to which the eye & applied in sighting. 

The Surveyor's Compass is similar to the Pocket Compass with folding sights, 
only larger. It is arranged for use on a tripod or a Jacob's StxS by nav&g a 
spindle with a ball end, which fits accurately into a socket that may be screwed 
on to either the tripod or Jacob's Staff. It is also supplied with two level tabes 
set at right angles to each other. The ball and socket joint enables the compass 
box to be moved in anv direction, so that it can readily be levelled. It is also 
arranged to swing horizontally on its axis, and it can be clamped in anj position. 

TO ABJUST THE COMPASS. 

The levels.— First bring the bubbles into the centre, by the pressure of the 
hand on different parts of the plate, and then turn the compass half way around ; 
should the bubbles run to the end of the tubes, it wonld indicate that those ends 
were the highest; lower them by tightening the screws immediately under, and 
loosening those under the lowest ends until, by estimation, the error is half 
removed; level the plate again, and repeat the first operation until the bubbles 
will remain in the centre, during an entire revolution of the compass. 

The sights may next be tested by observing through the slits a fine hair or 
thread, made exactly vertical by a plumb. Should the hah: appear on one side 
of the slit, the sight must be adjusted by filing off its under surface on tliat side 
which seems the nighest. 

The needle is adjusted in the following manner: Having the eye nearly in the 
same plane with the graduated rim of the compass circle, with a small splinter 
of wood or a slender iron wire, bring one end of the needle in line with any 

Srominent division of the circle, as the zero, or ninety degree mark, and notice 
' the other end corresponds with the degree on the opposite side; if it does, the 
needle is said to ** cut '^ opposite degrees; if not, bend the centre*pin by apply hi^ 
a small brass wrench, furnished with our compasses, about one-eighth of an incE 
below the point of the pin, until the ends of the needle are brought into line 
with the opposite degrees. 

Then holding the needle in the same position, turn the compass halfway 
around, and note whether it now cuts opposite degrees ; if not correct hidf the 
error by bending the needle, and the remainder by bending the centre-pin. 

The operation must be repeated until perfect reversion ft secured in the first 
position. 

This being obtained, it may be tried on another quarter of the circle; if any 
error is there manifested, the correction must be made in the centre-pin only, 
the needle being already straightened by the previous operation. 

When again made to cut, it should be tried on the other quarters of the circle, 
and corrections made in the same manner until the error is entirely removed, 
and the needle will reverse in every point of the divided circle. 
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Iq usins the compass the surveyor should keep the South end towards his 
person aim read the bearings from the North end of the needle. In the Snr- 
yeyor^B Compass he will obserre that the position of the B and W letters on the 
face of the compass are reversed from their natural position, In order that the 
direction of the sight may be correctly read. 

The compass circle being graduated to half degrees, a little practice will en- 
aUe the surveyor to read the bearings to quarters— estimating with his eye the 
ipace bisected by the point of the needle. 

The compass is usually divided into quadrants and zero is placed at the North 

» and South ends. NineW degrees is placed at the B and w marks* and the 

graduations run right and left from the zero marks to 90°. In reading the 

bearing, the surveyor will notice that if the sights are pointed in a N. W. directidn 

I the n<nth end of the needle, which always points approximately North, is to the 

I li^t of the front sight or front end of the telescope, and as the number of 

dcfirees is read from n^Jhe letters marking the cardinal points of the compass 

; lead correetlv. If the B or east mark was on the right side of the circle a N. W. 

B would read N. B. TIUs same remark applies to all four quadrants. The 

! should always be in a level position. 

THB TRAHSIT. 

The transit is the only instrument that should be used for measuring angles 
in any survey wh^e gRtfit ac- 
curacy is desired. The advan- 
tages of a transit over a vernier 
compass are mainly due to the 
nse of a telescope. By its use 
angles can be measured either 
vertically or horizontally, and 
as the vernier is used through- 
out extreme accuracy is se- 
emed. 

The verniers on a transit 
^er from those on a comiMiss 
in detan only. The principle 
is the same. The transit ver- 
nier is so divided that SOspaces 
onit equal in length 29 on the 
limb of the instrument. The 
method of reading it is prac- 
tically the same as reading a 
eoaanass vernier, except that *ig. -«. 

on ^e transit the vernier is made with all of the 80 divisions on one side of the 
KTO mark. (See Fig. S,) 

Bach division is therefore ^, or in other words 1 minute longer than the half 
d^iee graduations on the limb. 

To read the vernier.— As the compass vernier is usually so made that there 
are but 15 nmces on each side of the zero mark it is read as follows : Note the 
degrees ana half degrees on the limb of the instrument. If the space passed 
beyoM the degree or half degree mark, by the zero mark on the vernier is less 
than i^ the space of half a degree on the limb, the number of minutes is of 
course Kiss than 15 and must be read from the lower row of figures. If the 
space passed is ^eater than one-half of the spacing on the limb, read the upper 
row of figures. ^Iie line on the vernier that exactly coincides with a line on 
the limb, is the mark that denotes the number of minutes. If the index is 
moved to the right, read the minutes from the left half of the vernier; if moved 
to the left, reaa the right side of the vernier. 

To turn off the variation.— The surveyor having a vernier attached to his 
compass, can by moving the vernier to either side^ and with it of course the 
compass circle attached, set the compass to any variation. Then by placing 
his mstmment on some welt defined line of the old survey, and by turning the 
tangent screw (slow motion screw) until the needle of his compass indites 
the same bearing as that given in the old field notes of the original survey. 
Then by screwing up the clamping nut underneath the vernier, he can run all 
the other lines firom the old field notes without further alteration. 

The reading of the vernier on the limb gives the amount <rf Wtetton. BJiye 
the original survey was made. 'jT', ^_ 
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MAGHBTIC VABIATION. 

It is well known that the magnetic needle, in almost all parts of North 
America, points more or lees to 
the east cn> west of a troe line 
from North to South. This 
deviation, which is called the 
variation oi declination of the 
needle, is notconstant, but in- 
creases or decreases to a very 
sensible amoont in a series of 
years. 

For this reason, in running 
over the lines of a tract of landj 
from field notes of some years* 
standing, the surveyor would 
be obliged to make an allow- ' «• !• 

ance, both perplexing and un- 
certain, in the oearing of every line. To avoid this dlfflcnlty the vernier was. 
devised, the arrangement of which for compasses is usually as follows : The* 
vernier is so graduated that 90 spaces on it equal 31 on the limb of the instnunenL 
(Seei^.i.) 

In the above cut the reading is aO<* 1(K. If the zero on the vernier should be 
beyond 20^'* on the limb of the transit, and the line marked 10 should coincide 
with a line on the limb, the reading would be 20«> 40'. In case the 12th line from 
zero should coincide with a line on the limb, the reading would be 20® 42^, etc. 

The interior of the telescope is fitted up with a diaphragm or cross wire ring 
to which cross wires are attached. These cross wires are either of platinum or 
are strands of spider web. Thev are set at right angles to each other and are 
so arranged that they can be adjusted so as to be exactly perpendicolar and 
exactly norizontal. This diaphragm is suspended in the telescope by four 
capstan head screws, and can be moved in either direction by working the screws 
with an ordinary adjusting pin. 

The intersection of the wires forms a very minute point, which, when they are 
adjusted, determines the optical axis of the telescope, and enables the sorveyor 
to fix it upon an object witn the greatest precision. 

The imaginary line passing through the optical axis of the telescope, is termed 
the "lineof collimation,'* and the operation of bringing the intersection of 
the wires into the optical axis, is called the " adjustment of the line of colli- 
mation." This will be hereafter described. 

The openings in the telescope tube are made considerably larger than the 
screws, so that when these are loosened, the whole ring can be turned around 
for a short distance in either direction. 

The object of this will be seen more plainly, when we describe the means by 
which the wire is made truly vertical. 

TO ADJUST THE TRANSIT. 

The levels of this instrument have a capstan head screw at each end, and 
are adjusted with a steel pin in the same manner as those of the Plain compass.. 

The needle is also adjusted as described in our account of that instrument. 

Line of eolUmation.— To make this adjustment, which is, in other words, 
to bring the intersection of the wires into the optical axis of the telescope, so 
that the instrument, when placed in the middle of a straight line will, by the 
revolution of the telescope, cut its extremities— proceed as follows : 

Set the instrument fitmly on the ground and level it carefully; and then having 
brought the wires into the focus of the eye-piece, adjust the object-elass on 
some well defined point, as the edge of a chimney or other object, at a distance 
of from two to five hundred feet; determine if the vertical wire is plumb, by 
clamping the instrument firml v to the spindle and applying the wire to the 
vertical edge of a bnildine. or observing if it will move parallel to a point taken 
a little to one side; should an v deviation be manifested, loosen the cross-wire 
screws, and by the pressure of the hand on the head outside the tube, move the 
ring around until the error is corrected. 

Tne wires being thus made respectively horizontal and vertical, fix their point 
of intersection on the object selected; clamp the instrument to the spindle, and 
having revolved the telescope, find or place some good object in tne opposite 
direction, and at about the same distance from the instrument as tne lint 
object assumed. 

ureat care should always be taken in turning the telescope, that the position 
of the instrument upon tne spindle is not in the slightest degree distarbsd. 
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ITow, having f onnd or placed an object which the Tertical wire bisects, nnclamp 
Che instrument, tnm it half way around, and direct the telescope to the first 
object selected; having bisected this? with the wires, again clamp the instrument, 
revolve the telescope, and note if the vertical wire bisects the second object 
observed. 

Should this liappen, it will indicate that the wires are in adjustment, and the 
points bisected are with the centre of the instrument, in the same straight line. 

If not, however, the space which separates the wires from the second point 
observed, will be double the deviation of that point from a true straight line, 
which may be conceived as drawn through the first point and the centre of the 
instrument, since the error is the result of two observations, made with the 
wires when they are out of the optical axis of the telescope. 

For as in the diagram, let 
A represent the centre of 
the instrument, and B C the g. 
imaginary straight line, upon 
the extremities of which the 
line of coUimation is to be ad- 
justed. 

B represents the object first selected, and D the point which the wires bisected, 
when the telescope was made to revolve. 

When the instrument is turned half around, and the telescope again directed 
to B, and once more revolved, the wires will bisect an object, E, situated as far 
to one side of the true line as the point D is on the other side. 

The space, D E, is therefore the sum of two deviations of the wires from a 
true straight line, and the error is made very apparent. 

In order to correct it. use the two capstan head screws on the sides of the 
telescope, tiiese being the ones which affect the position of the vertical wue. 

Having by means of these screws, moved back the vertical wire until, by 
estimation, one-quarter of the space D E, has been passed over^ return the instru- 
ment to the points, revolve the telescope, and if the correction has been care- 
fully made, the wires will now bisect a point C, situated midway between D and 
E, and in the prolongation of the ima^nary line, passing through the point B 
and the centre of the Instrument. 

To ascertain' if such is the case, turn the instrument half around, fix the 
telescope upon B, clamp to the spindle and again revolve the telescope towards 
C. If the wires again bisect it, it will prove that they are in adjustment, a»!d 
that the points, B, A, C, all lie in the same straight line. Should the vertical 
wire strike to one side of C, the error must be corrected precisely as above 
described, until it is entirely removed. 

As the makers of the instruments always place the cross hairs at exactly right 
angles to each other, if the vertical hair is kept plumb, the other will be at 
right angles to it. 

THB CHAIN OR STBBL TAFB AKD PINS. 

The chain should be made of annealed steel wire, each link exactly 1 ft. in 
length. The links should be so made as to reduce the liability to kink to a 
minimum. All joints should be brazed, and handles at each end of D shape, or 
modifications of D shape, should be provided. These handles should be attached 
to short links at each end, and the combined length of each of these short links 
and one handle, should be exactlv 1 ft. The handles should be attached to the 
short link in such a manner that the chain may be slightly lengthened or 
shortened by screwing up a nut at the handle. It should be divided every 10 ft. 
with a brass tag, on which either the number of points represents the number of 
tens from the front end, or the number of tens may be designated by figures 
stamped on the ta^. 

When a chain is purchased, one that has been warranted as ** Correct, U. S. 
Standard," should be selected, and before nsine it, it should be stretched on a 
level surface, care being taken that it is straight, and no kinks in it, and the 
extremities marked bv some permanent mark. These marks can be used in the 
future to test the chain. It snould be tested frequently, and the length kept to 
the standard as marked when it was new. 

In chaining, the chainmen should always remember the axiom that ** A 
straight line ta the shortest distance between two points.''^ Ordinarily the chain 
should be held horizontally, and if either end is held above the ground a plumb 
bob and line should be used to mark the end of the chain on the ground. If 
used on a regular incline, the chain may be stretched along the incline, and by 
having the amount of declination the horizontal and vertic^ distances may either 
l)ecaifculated or found in the Traverse Table. « 
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The steel tape is simply a ribbon of steel, on which are marked, by etchhig, 
or other means, the different gradaations, which may be down to inches or 
tenths of a foot, or may be only every foot. It is wound on a reel, and may be 
any desired length up to 500 ft. 

Chains are usually in 50 and 100 ft. lengths. 

For accuracy steel tax>es are now almost exclusively used by the leading 
mining engineers of the anthracite regions, on account of their greater accuracy 
as compared with chains. 

When distances do not come at even feet the fractional part of the foot should 
always be noted in tenths. Thus fifty-three feet and six inches should always be 
noted as 63*5 ft. 

Pins.— Pins should be from 15 to 18 ins. long, made of tempered steel wire, 
and should be pointed at one end, and turned with a ring for a handle. When 
using a 50 ft. chain, a set of pins should consist of eleven, one of which should 
be d&tinguished by some peculiar mark. This should be the last pin stack by 
tKe front cbainman. When all eleven pins have been stuck, the front chainman 
calls " Out / " and the back chainman comes forward and delivers him the tm 
pins that he has picked up, and he notes the " out.*^ When giving the distance 
to the transitman he counts his " outs,** each of which consists of 500 ft., and 
adds to their sum the number of fifties as denoted by the pins in his poss^ion, 
and the odd number of feet and fractional parts of a foot from the last pin to 
the front end of the chain. 

These directions regarding "outs," apply only to cases where sights of oyer 
560 ft. length are taken. The accuracy and value of a survey depend as much on 
thecareful workof thechainmenas on anything else, and no one should be 
allowed to either drag or read the chain who is not intelligent enough to appre- 
ciate the importance of extreme accuracy. 

The clinometer or slope level.— The clinometer is a very valuable instru- 
ment and should be always carried by the surveyor. It consists of a level tube 
8o arranged that one end swings loose around the quadrant of a circle wliich Ib 
graduated every quarter or half a degree from 0® to 90** . When placed on a level 
surface the bubble will be in the centre of the tube, when the marker on the 
end of the tube is at zero. When placed on any pitching surface, and the tube 
is moved so that the bubble is in the centre, the marker will show on the quad- 
rant exactly at the number of degrees of inclination. 

COMPASS SXTBYBTIKO. 

As was noted before, the compass should not be depended on except in case^ 
of emergency, or for short surveys of comparative unimportance. With It, 
horizontal angles only can be measured, and the notes are, for field work very 
simple. A survey made with a compass requires very simple notes. As models 
for the student we give the following examples: 

FIELD NOTBS FOB AN OUTSIDE SURVEY. 

Called place of beginning Station 1. 

Stations. Bearings. Distances. 

1 to 2. N. 85» E. 270-0. 

At 1 4- 37 ft. crossed small stream 3 ft. wide. 



Atl 



116 ft. = first side of road. 



At 1 -f 181 ft. = second side of road. 

At 1 -f- 187 ft. = blazed and painted pine tree, 3 ft. left, marked for a 
" go by." 

Station 2 is a stake at foot of white oak tree, blazed and painted on four sides 
for corner. 

2-3. N. 88H» E. 129*0. 

Station 3 is stake and stones corner. 

3-4. S. 5r E. 222-0. 

3 4- 64 ft. = centre of small stream 2 feet wide. 

3 4- 196 ft. = white oak *'go by," 2 ft. right. 
Station 4 = cut stone comer. 

4-5. S. 34^" W. 3560. 

4 + 174 ft. = ledge of sandstone 10 ft. thick, dipping 27° south. 

5-1. N. 56HOW. 8230. 

5-1-274 ft. = ledge of sandstone 10 ft. thick, dipping 25° south (evidently 
continuation of same ledge as at 4 -f 174). 
Station 1 = place of l^eginning. 
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NOTES FOR A MINE SURTBT. 

Bet at a point in Bast Main Oanewav, oppcite centre of third cross hole to 
Air Gangway. Called place of beginning Station 1. 
At SUtion 1, ribs 4 ft. right and 8 ft. left. 

1-2. N. 6714" E. 97-6. 

Station 2 is opposite cross hole to Air Gangway, pillar 10 ft. thick. 
At 1 -f 50 ribs, 2 ft. right, 10 ft. left. 
At 2 ribs, 6 ft. right, « ft. left. 
Vein 0-4 ft. thick. Dip of vein, 16» Sth. 

2-8. N. 77U- E. 168*4. 

2 -j- 10 = first side of opening on left. 
2 4- 23 = second side of opening on left. 
2 4- 50 = 6 ft. right, 6 ft. left. 

2 3J^gj.= opening left. 

3 is Face of Gangway, 4 ft. right, 8 ft. left. 
Vein 6.5 ft. thick, coal good. Dip, 12° South. 

The notes of a survey should always be dated, and the names of the party 
reconled. The pages of the note book should be numbered, and when future 
surveys are startedf rom old points, or sights are taken to old stations, reference 
shnuld be made in the notes to the page on which such stations were pre- 
viously noted. 

The notes given as examples can be greatlv abbreviated in practice, but care 
should be taken not to make them unintelligible by too much abbreviation. 

VBRMIBR OR TRANSIT SURVBTINO. 

In treating of snrveying of this kind it may be said in the start, that the 
operator who has been making surveys with the compass for some time, is much 
better able to begin with the vernier than one who has had no experience with 
the needle. To make a vernier survey a transit with sliding plate and vertical 
circle must be had. The sliding plate is arranged under and on the outside 
edge of the compass box, and is divided into d^rees and halves from to 360**, 
wUle a small plate, call the vernier, above the ^wer, records the minutes. On 
the transit the compass plate is generally divided the same as the vernier 
plate and not into quadrants. In starting the survey the instrument must first 
be placed by means of a plummet directly over the point of beginning and 
leveled. The sliding plate is then set so that it coincides with of the vernier, 
and the plate is then ciamx)ed and turned so that the north end of the needle 
corresponds with on the compass plate. The lower screw is then fastened and 
the vernier plate screw loosened when the first sight is taken, and the course 
recorded by noticing beyond what number of degrees on the lower plate the 
of the vernier points and the number of minutes beyond this, by counting on 
the vernier from to where a line on the vernier exactly corresponds with one 
on the lower plate. As a check the needle course is recorded, which should 
nearly correspond with that of the vernier, according to the quantity of mag- 
netic attraction by which it may be influenced. The instrument is then moved 
and set exactly on the point where the sight had joet been taken and again 
leveled, great care being taken to have the same reading on the plate as was re- 
corded at the previous sight. While the plates remain clamped the lower screw 
is loosened and a sight is taken back upon the point just left. When this is done 
the order is reversed, the lower screw being fastened and the vernier plate 
allowed to move and another sight ahead is taken and the course read. At this 
point, by referring to the ne^e, which has been mentioned heretofore to be 
used as a check, the course will be found to differ from the reading on the ver- 
nier 180**, or as near thereto as the mimetic attraction will permit. The needle 
being established as the meridian at the beginning of the survey, it will be seen 
at once that the reading on the vernier is not correct, but is recording a course 
directly opposite to the one being run, and in order to overcome this difficulty 
the true course Is recorded by adding or subtracting the difference 180° after 
taking into consideration the direction of the survey. The instrument is then 
mov^ to the next station and the same coursepursued and so continued through- 
out the whole of the survey, great care bemg constantly taken by using the 
needle as a check to avoid noting courses in opposite directions to the correct 
ones, and to bear in mind to note the distance between all stations and inter- 
mediate points. ^ , 
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The vertical circle is divided from to 90** to the right and left of the centre, 
and has a vernier attached in order that slopes may be minutely recorded, 
taken either up or down. Iji taking an angle the sight must be taken to the rod 
or light at the same distance from the ground as is the telescope of the instru- 
ment. The angle is then recorded from the circle in the same manner as one 
from the vernier plate, and is marked plus or minus, according as the sight is 
taken up or down. 

The distance between the points havingbeen ascertained, the vertical height 
may be found by means of the Traverse Table or Table of Sines and Tangents. 

In making a transit survey, the surveyor cannot make his notes too full. In 
a surface survey, both horizontal and vertical angles should be taken at every 
sight. Every physical characteristic, and all surface improvements should be 
noted and located. Every ledge of rock should be noted, its character, dip and 
course of strike should be taken. The stations should be made as i)ermanent as 
possible. A notch and nail in the root of a tree or stump is far preferable to a 
stake and nail. A small hole drilled in a solid immovable rock is better still. 
In mine surveys, the more complete the notes the better. A mine map may be 
accurate enough, and still not be complete. The mine map should be a com- 
plete history of the colliery, showing also, indirectly, what its future may 
reasonably be expected to be. The mam idea should be to get as much infor- 
mation as possible on the map. 

To make a complete map, the engineer should first make a survey aronnd the 
tract to be worked, locating all the p'-ominent physical features and improve- 
ments. If he can do so, hie should make a topographical map of the tract at 
once; but, if time is limited, by running the vertical as well as the horizontal 
angle, he can carry the tidal elevation or the elevation above some assumed 
datum, to every station, and mark U on the moo at thai point. Then as he 
makes subsequent surveys, he can gradually get data enough to make a fairly 
complete topographical map in course of time. Every ledge of rock in place, 
should be locatea, and the amount and direction of its dip, as well as the 
character of the rock, should be marked neatly on the map. The streams of 
water on the tract should be regarded as of primary importance, and should be 
located with exactness. 

After the surface survey has been made and plotted, a survey should be care- 
fully carried into the workings and the same care taken in reading the rertical 
angles. Mark the elevation ear^tUly at every station. Take the <ttp of the vein 
at ever^ station, and qftener if u changes between stations. If the vein worked 
is a thick one, note how far the station is above the bottom slate, if above it at 
all. Note the thickness of the vein, and take frequent sections of it. Locate all 
faults and state the character of each fault. Locate the ribs of all pillars with 
accuracy. Don't attempt to make a pretty map by drawing the sides of openin^^ 
parallel to each other; draw them as they are. Kote all pillars that have been 
robbed out, and those that have been skipped. Designate such pillars by some 
standard mark to distinguish them from pillars that still remain intact. In 
running the survey through a tunnel, take a section of it, noting carefully the 
dips and character of each bench of rock. Do the same in shafts. Take advan- 
tage of every opportunity to " tie up " the survey by connecting with some other 
branch of it by running through cross cuts or any other openings. Take 
advantage of the second outlet to carry the survey to the surface by a route dif- 
ferent from that by which the mine was entered, and tie up with the outside 
survey. " Don't 8hove,".is a short and an appropriate expression. 

If the surveys don't tie, don't shove them so that they apparently will; re- 
run them until you find the error that has thrown you out. If you have tied up 
at every opportunity, the chances are you will not have far to look for the error. 
Use what good sense you have been blessed with. This will direct you in re- 
gard to noting other features not already mentioned. Always bear in mind that 
your notes cannot be too complete. Don't be afraid of filling your note book. 
Note books are cheap, and they were made to be filled. Keep your notes as 
neatly and in as condensed a form as is consistent with clearness. 

Base all your work on one meridian. If you have a number of collieries in the 
same neighborhood, don't have as many diflferent meridians, or you will never 
know how they lie in their relation to each other, and the difference in meridi- 
ans will be an endless source of annoyance. 

Test your instruments frequently and see that they are in perfect adjustment. 
Don't trust the magnetic needle if you want to make an accurate survey and 
map. Test your chain or steel tape as frequently as you do your transit. An 
inaccurate chain and a poor chainman are as peat sources of error as a transit 
that is out of adjustment and a careless transitman. 
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Let your mine map be the TeatflatiBg chsrt of tiw adae. Hark xbe npca«t and 
downcast plainly on it, and abow the oonrae of the air aurentc by aITo«^^. 

With mine maps constmcted on tbeae linen, ooDienee can be workei more 
economically and with greater safety. More ooal can be taken oat at \ei^ 
expense, ana advanta^ can be taken ot innnmefmblenatniml and ocber features 
that, without such a map, woold be loot eight of. 

If a cro68 section is desired, on any line throodb the tract, the data to con- 
Btract it can hh taken directly from the map. Ii a change ia defired in the 
method of ventilating it can readUy be ptanned on the map. If miyhanical 
haulage is desired the necessanr data for tne owdianics can be taken from the 
map. If it is desired to rob pillars in an j portion of the ooUiery the aaperinten- 
dent can see at a glance whether it can be done with safety to the oataide im- 
provementa and Uie inside workings or noC If there are any streams on the 
tract, they can he readiiy kept from finding their way to the inside workinga, 
and thus the duty of the pumping engines can be kept down to a minjmnm. 



Plotting consists of reproducing on paper the lines of a aonrey, on any scale 
that the surveyor thinks best. For mine map«, a scale of 100 ft. per inch will 
be found most convoiient. 

The necessary instruments are a draughting board or table, a T-square ora 
paralld ruler, a protractor and a scale. 

If a T-square is used the edges of the draughting board or table must be 
idaned v^y accurately, so that sught errors are not magnified on the long Made 
of the T-square. For extensive maps the T-«onare i<hould not be used. 

The T-square is generally made of hard wood, and is constmcted in the shape 
of the letter T. The blade or stem may be either rigidly set at right angles to 
the head, or it mav swing on a pivot, and be arranged with clamp screws that 
will permit of its oeing set at anv angle. The head is placed against the edge 
of the table or board, and the blade is used as a ruler to mark or carry the 
meridian to any portion of Uie map. 

The parallel ruler is simply a luler set on rollers that are verr accuratdy 
turned to exactly the same size and so constmcted that parallel lines may be 
drawn by simply rolling it from place to place on the paper. Parallel rulers of 
a cheap form are made by joining two straight edges with two or more strips 
of metal of exactly the same length, fastened to the straight edges in such a 
manner that they are parallel to each otha", and the ends revolve around a pivot. 
Then by setting one straight edge on any line, a parallel line may be drawn by 
moving the other straight edge to the desired place. 

The protractor consists of a circle or a semi-circle graduated into degrees and 
ft«ctional parts of degrees. The semi-circle is the most convenient, u is often 
euralied with a blade, to which is attached a vernier, and with it minutes as 
well as degrees or half and quarter degrees can be plotted. The semi-circular 
protractor with a blade and vernier reading to minutes is the most convenient 
style and is th««fore preferred by most dran^tsmen. The scale is simply a 
rue divided into inches and these are subdivided into different divisions, as 
required by the draughtsman. The most convenient scale is the triangular box- 
wood or steel scale which has six different graduations, as follows : 

(1) The inches are divided into tenths ; (2) inches divided into twentieths ; 
(S) inches divided into thirtieths : (4) inches divided into fortieths ; (6) inches 
divided into fiftieths ; (0) inches divided into sixtieths. 

In addition to the above named instruments, there are dozens of others of 
more or less value to the draughtsman. Principal of these are, wooden, rub- 
ber or metallic triangles, ruling pens, dividers, curve boards, bow pens, etc. 
The paper on which the map is to be drawn should be tacked down to the 
table or board, and should be covered with squares each exactly 10 ins. sanare. 
The sides of these squares should be the meridians, or Nortti and South lines, 
and the tops and bottoms should run due Bast and West. Mark the first sta- 
tion on the paper, set your parallel ruler or T sqnare on the meridian nearest it 
and with the protractor produce the course to the next station. Measure the 
distance with a scale, and proceed in this manner to plot all the courses, using 
each time the meridian nearest the station the course is taken from. After afl 
the stations have been plotted, fill in the side notes, marking everything on the 
map with great care and neatness. Always use the horizontal distances. All 
surveys should be traversed, and all plotting should be either checked by the 
traversing, or the principal stations should be plotted by use of the traverse. 

Te ealenlate the vertical distances.— When making the snney read the 
vertical angles to all stations. If the angle is one of depression note it with a 
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minus sign (— )preceding it. If it is a 
pins sign (+). Tbese will show whether t 
or subtracted from the height of the prec© 



an angle of elevation |>recede it with a 
r the vertical distance is to be added to 
3ight of the preceding station. 

Having the horizontal distance and the vertical angle : 

Distance X tangent of vertical angle= Departure or vertical distance. 

Having the pitch distance and vertical angle : 

Distance x sine of vertical angles Departure, or vertical distonce. 

To fftlcnlate the horizontal distance or latitHde.— Pitch distance x coeine 
of vertical angle = Horizontal distance or latitude. 

Vertical height, or departure ■+■ sine of vertical angle=Horizontal distance 
or latitude. 

To calculate the pitch distance.— Horizontal distance or latitude -•- cosine 
of bearing, or multiplied by secant of bearing= Pitch distance. 

Vertical distance or departure -i- sine of vertical angle, or multiplied by co- 
secant of bearings Pitch distance. 

To calculate the vertical asffle. — The horizontal distance or latitude -*- the 
pitch distance = Cosine of vertical angle. 

Vertical distance or departure -4- pitch distance = Sine of vertical angle. 

Vertical distance, or departure -1- horizontal distance or latitude = Tangent 
of vertical angle. 

Note.— Whenever sines, cosines, tangents, etc., are here named, they mean 
the natural sines, etc., of an arc descritwd with a radius equal to one, A table 
of natural sines is published in this volume. There is also a table of logarithmic 
sines, etc.. and of logarithms of numbers, by the use of which the calculations 
may be shortened. (See tables of Logarithms of Numbers and Log^thmic 
Sines, Tangents, etc.) * 

To traverse a survey.— To traverse a surv^, means to determ'ne by calcu- 
lation how far North or South and Bast or west any station may be from 
another, the location of which is fixed. To do this, all distances must be either 
measured horizontally, or calculated to horizontal distances. The horizontal 
angles, or courses must be either read as quadrant courses or reduced from 
azimuth to quadrant courses. An azimuth course is one that is read on the transit 
which is graduated from 0<* to dfXy*. A quadrant course is one read in the 
quadrant of the circle, as S. 67° W., N. 48* ft., etc. 

Latitude means distance north or south, and is determined by the first initial 
of the recorded course. Thus, if a course is S. 67** W., the latitute is south: if 
N. 48* E., the latitude is north. 

Departure means distance east or west, and is determined by the last initial of 
the recorded course. Thus if a course is S. 67* W., the departure is west; if N. 
48* E., the departure is east. 

The latitude=i)istancex cosine of bearing. 

The departure=Distancexsine of bearing. 

If the survey is a continuous one around a tract, and ending at the place of 
beginning, the sum of the Northings should equal the sum of the Southings; and 
the sum of the Eastings should equal the sum of the Westings. Or in other 
words the sum of all the latitudes north, should equal the sumofall the latitudes 
south; and the sum of all the departures east, should eaual the sum of all the 
departures west. It is evident that by coming back to the place of beginning 
the surveyor has traveled the same distance north as he has south, and the 
same distance east as he has west. 

The most accurate way to construct 8 map is to traverse the survey and place 
all stations on it by the traversed distances, or to at least put a number 01 the 
principal stations on the map by the traversed distances, and use the protractor 
only to plot the intermediate stations. If the map is constructed in this way, 
the convenience of the 10 inch squares mentioned before, will beat once seen by 
the draughtsman. They are also important in plotting with the protractor, 
because they reduce the chances of errors by the slipping of the paiallei raler, 
or inaccuracies of the edge of the table when the T-square is used, toaminimem. 
To illustrate plotting by use of the traversed distances, we will use the following 
example: 



Stations. 


Quadrant 
Ooorses. 


Distances. 


Latitudes. 






N. 1 8. 


B. 


W. 


lto2 
2 to 3 
8 to 4 
4 to 5 


N. 85* E. 
N. 88*3(yE. 

8. 57* E. 
S. 84* W W. 


2700 
1290 
2220 
8550 


2210 
15-0 

1210 
2080 


156-0 
138-0 
186-0 


900-0 




2360 414-0 


469-0 


900-0 
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frhe foregoing table calculated accordiDg to f ormnlse for latitudes and depart- 
ures, ehows that Station 2 is 221*0 ft. North and 1550 East of Station 1; and 
that Station 5 is 178*0 South and 269*0 ft. Bast of Station 1. 

These stations, or stations 3 and 4, or all, may be placed on the map by sim- 
ply making the two measurements for each station. 

To And the area of a tract of land.— If a regular polygon, iind the area by 
the rule given under the head of " Mensuration," for polygons of the same 
number of sides. If an irregular polygon, divide it into triangles and calculate 
the area of each triangle, the sum of these areas will be the area of the tract. 
If the tract is an irregular polygon in shape the map should be made on as large ;^. 
a scale as possible, and the distances should be measured with the greatest care, ^ u 
owing to liability to error through very slight inaccuracies of measurement. •', 

> 

To find the eontents of a seam of coal under a tract.— If the seam lies 
flat, multiply the area of the tract in square feet, by the thickness of the seam 
in feet. The product will be the cubical contents of the seam in feet. If the 
seam is an inclined one, find its area by measuring the width of the tract on its 
line of pitch, and find the distance on the pitch of the seam by dividingthe 
horizontal distance measured by the cosine of the angle of inclination. /This 
will give you the pitch distance. Multiply the pitch dutance by the length of 
the tract, and you will have the area of the seam. This multiplied by its 
thickness will give the contents. 

To carry a Harvey down a shaft.— One of the most difBcult things that 
the mine surveyor has to do, is to carry a meridian down a shaft. It is a task 
that requires great care and patience, and should never be done in a hurry. In 
addition to his other instruments, the surveyor should be provided with enough 
fine copper wire to make two plumb lines, each as long as the shaft is deep, and 
he shoald also have two weights or heavy plumb bobs, and two buckets of oil. 

After he has brought his survey up to the shaft, he should set two points 
exactly in line, one on each side of the shaft, extending into the open area, far 
enough to keep the wire dropped from them from resting against the side of the 
shaft at any nface along its wnole length. Having set these points, he should 
drop a wire ftom each down the shaft, attach the weights or plummets, and let 
them swing in the buckets of oil. As soon as they have come to rest, he should 
set his instrument as nearly in line with them as possible, and move it gradually 
till he finds that the vertical cross hair in his telescope exactly strikes both 
plumb lines. Then, as his instrument has been set on tne course of the marks 
at the head of tlie shaft, he has a rileridian inside on which to base his survey. 
The location of the instrument is found by simply measuring from the plumb 
lines. Great care should be taken in this work, for a slight inaccuracy at the 
foot of the shaft will be greatly magnified at the face of the workings, if they 
are at all extensive. 

LBVBLINO. 

Instraments.— But two instruments are used— the level and a leveling rod. 
The level consists of a telescope to which is fitted on the under side a long level 
tube. The telescope rests in a Y at each end of a revolving bar, which is 
attached to a tripod head very similar to that need for a transit. The telescope 
is similar to the telescope of a transit. The leveling rod is merely a straight 
bar of wood, 6 ft. or more in length, divided into feet and tenths of a 
foot. A target divided into four equal parts by two lines, one parallel with 
the staff, and the other at right anefes to it, and painted red and white so as to 
make it prominent at a distance, slides on the rod and is provided with a clamp 
screw. The centre of the target is cut oat and a vernier, gradaatcd decimally, 
is set in, which enables the r(^man to read as close as y^ of a foot. 

If a long rod is required, it is made of two sliding bars, which when closed 
are similar to a single rod as described above. When used at points where it is 
necessary to shove the target to a greater height than six or six and a half 
feet, the target is clamped at the highest graduation on the front of the rod, and 
the rod is Extended by pushing up the back part, which carries the target with 
it. The readings in this case are made either from the vernier on a graduated 
side, or a vernier on the back. The rodman must always hold his roa perfectly 
plumb or perpendicular. 

To MdjuMt the level.— The proper care and adjustment of the level is of great 
importance. A very slight error in adjustment will completely destroy the 
utility of any work done. ^ j 
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To adjust the line of eollimatioiis set the tripod firmly, remove the T pins 
from the clips, so as to aJIow the telescope to tarn freely, clamp the instrument 
to the tripoa head, and, by the leveling and tangent screws, bring either of the 
wires upon a clearly marked edge of some object, distant from one to five 
hundred feet. 

Then with the hand carefully turn the telescope half way around, so that the 
same wire is compared with the object assumed. 

Should it be found above or below, bring it half way back by moving the 
capstan head screws at right angles to it, remembering always the inverting 
property of the eye piece; now bring the wire again upon the object, and repeat 
the first operation until it will reverse correctly. 

Proceed in the same manner with the other wire until the adjustment is com- 
pleted. 

Should both wires be much out, it will be well to bring them nearly correct 
before either is entirely adjusted. 

To adjust the level bubble.— Clamp the instrument over either pair of 
leveling screws, and bring the bubble into the centre of the tube. 
. Now turn the telescope in the wyes, so as to bring the level tube on either side 
of the centre of the bar. Should the bubble run to the end it woald show that 
the vertical plane, passing through the centre of the babble, was not parallel 
to that drawn through the axis of the telescope rings. 

To rectify the error, bring it by estimation half way back, with the capstan 
head screws, which are set In either side of the level holder, placed nsoaily at 
the object end of the tube. 

Again bring the level tube over the centre of the bar, and adjust the babble in 
in the centre, turn the level to either side, and if necessary, repeat the correc- 
tion until the bubble will keep its position, when the tube is turned half an inch 
or more, to either side of the centre of the bar. 

The necessity for this operation arises from the fact, that when the tele- 
scope is reversed end for end in the wyes in the other and principal adjustment 
of tne bubble, we are not certain of placing the level tube in the same vertical 
plane; and, therefore, it would be ahnost impossible to effect the adjustment 
without a lateral correction. 

Having now,in great measure, removed the preparatorydifflcolties, we proceed 
to make the level tube parallel with the bearings of the x rings. 

To do this, bring the bubble into the centre with the leveling screws, and 
then, without jarring the instrument, take the telescope out or the wyes and 
reverse it end for end. Should the bubble run to either end, lower that end, 
or what is equivalent, raise the other by turning the small adjustine nuts, on 
one end of the level, until by estimation 4ialf the correction is made; a^in 



may be necessary in that, before the horizontal adjustment is entirely com- 
pleted. 

To adjust the wyes.— Having effected the previous adjustments, it renudns 
now to describe that of the wyes, or, more precisely, that which brines the 
level into a position at right angles to the vertical axis, so that the bubble will 
remain in the centre during an entire revolution of the instrument. 

To do this, bring the level tube directly over the centre of the bar, and clamp 
the telescope firm'y in the wyes, placing it as before, over two of the leveling 
screws, unclamp the socket, level the bubble, and turn the instrument half way 
around, so that the level bar may occupy the same position with respect to the 
leveling screws beneath. 

Should the bubble run to either end, bring it half way back by the Y nuts on 
either end of tho bar ; now move the telescope over the other set of leveling 
screws, bring the bubble again into the centre, and proceed precisely as above 
described, chan^ng to each pair of screws, successively, until the adjustment 
is very nearly perfected, when it may be completed over a single pair. 

The object of this approximate adjustment, is to bring the upper parallel 
plate of the tripod head into a position as nearly horizontal as possible, in order 
that no essential error may arise, in case the level, when reversed, is not brought 
precisely to its former situation. When the level has been thus completely ad- 
justed, if the instrument is properly made, and the sockets well fitted to each 
other and the tripod head, the Dubble will reverse over each pair of screws in 
any position. 

Should the engineer be unable to make it perform correctly, he should ex- 
amine the outside socket carefully to see that it sets securely in the main socket 
and also notice that the clamp does not bear upon the ring which it encircles. 
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When these are correct, and the error is still manifested, it will probably be 
in the imperfection of the interfor spindle. 

After the adiastments, of the level have been effected, and the bubble remaini 
in the centre in any position of the socket, the engineer should carefully tura 
the telescope in the wyes, and sighting upon the end of the level, which has the 
horizontal adjustments along each side of the wye, make the tube af nearly 
vertical as possible. 

When this has been secured, he may observe, through the telescope, the ver- 
tical edge of a building, noticing if the vertical hair is parallel to it ; if not, ha 
should loosen two of the crosswire screws at right angles to each other and 
with the hand on these, turn the ring inside, until the hair is made vertical: 
the line of collimation must then be corrected again, and the adjustments of 
the level will be complete. 

To use the level.— When using the instrument, the legs must be set firmly 
into the ground, and neither the hands nor person of the operator be allowed 
to touch them; the bubble should then be brought over each pair of leveling 
screws successively, and leveled in each position, any correction being made in 
the adjustments that may appear necessary. 

Care should be taken to bring the wires precisely in focus, and the object 
distinctly in view, so that all errors of parallax may be avoided. 

This error is seen when the eye of an observer is moved to either side of the 
centre of the eye-piece of a telescope, in which the foci of the object and eye- 
glasses are not brought precisely upon the crosswires and object ; in such a 
case the wires will appear to move over the surface, and the observation will 
be liable to inaccuracy. 

In all instances the wires and object should be brought into view so perfectly 
that the spider lines will appear to be fastened to the surface, and will remain 
in that position however the eye is moved. 

If the socket of the instrument becomes so firmly set in the tripod head as 
to be difficult of removal in the ordinary way, the en^neer should place the 
palm of his hand under the wye nuts at each end of the oar, and give a sudden 
upward shock to the bar, taking care also to hold his hands so as to grasp it 
the moment it is free. 

The field work.— If the survey has been carefully made and vertical angles 
taken at every sight, leveling will be necessary only in cases where extreme 
accuracy in regard to vertical heights is necessary, in. most cases of practical 
work at collieries, particularly in determining thickness of strata, general rise 
or fall of an inside road, etc., etc., the elevations calculated by the use of the 
vertical angle will be close enough, but there are frequently instances when 
leveling must be done to insure success in certain work. In this connection it 
is well to state that if the transit telescoi)e is supplied with a long level tube, 
and it is as a whole in first class adjustment, levels can be successfully run with 
it, if the transitman uses due care. In running levels the note book should be 
ruled and the columns headed as follows : 

Station. I Backsight | Foresight. | iS^roment. | Elevation. | Remarkir 

Having his instrument In proper adjustment and his note book ruled the 
levelman is ready to proceed with the work. 

The rodman holds the rod on the starting point, the elevation of which is 
either known or assumed. The levelman sets up his instrument somewhere in 
the direction in which he is going, but not necessarily, or usually in the precise 
line. Be then sights to the rod and notes the reading as a backsight or -i- (plus) 
sight : entering it in the proper column of his note book, and adding it to the 
elevation of the starting point as the ** height of instrument. " The rodman 
then goes ahead about the same distance, sets his rod on some well defined and 
solid point, and the levehnan sights again to the target, which the rodman 
moves up or down the rod till it is exactly bisected by the horizontal cross-hair 
in the telescope, as he did when ^vlng the backsight. This reading Is noted as 
a foresight or — (minus) sight. The foresight subtracted from the height of in- 
strument gives the elevation of the second station. The rodman holds this lat- 
ter point, and the levelman goes ahead any convenient distance, backsights to 
the rod, and proceeds as before. In this case we have assumed th«t levels are 
only being taken between regular stations or two extreme points. 

If a number of points in close proximity to each other are to be taken, the 
rodman after giving the backsight holds his rod at each point desired. The 
readings of any number in convenient sighting distance are taken and recorded. 
as foresights and any descriptive notes are made in the column of remarks. 
These are each subtracted from the height of instrument and the elevation 
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found is noted fn column headed elevation. After all the intermediate poSnti 
are taken the rodman eoee ahead to some well defined point which is callea a 
*' turning noint " (T. F.) in the notes. The elevation or this is found andie- 
corded. The rodman remains at this point until the levelman eoes ahead, sets 
up and takes a backsight. This backsight reading added to the elevation of 
the turning point gives a new height of Instrument from which to subtract new 
foresights, and thus obtain the elevation of the next set of points sighted to. 

When running levels over a long line the levelman should set frequent **Bench 
Marks. " These are any permanent well defined marks that can be readily 
found and identified at any future time. By leveling to them he has secured 
the elevation of points from which to start any subsequent levels that may be 
necessary. A good bench mark can always be made on the side or root of a 
large tree or stump by chopping it away so as to leave a wedge shaped projec- 
tion with the point up. Drive a nail in tne highest point of tms to mark where 
the rod was held, and blaze the tree or stump above the bench mark. In this 
blaze, either cut or paint the number of the bench mark, which should of 
course correspond with the number in the note book. In the mines, prominent 
frogs or castings in the main roads, if permanent, make good bench marks. 

As an example of the correct way to keep the level notes, we append the 
following: 



Staliiaii. 


B.a 


r.8. 


H. Inst. 


EtoF. 


1 
2 


8-412 


4-082 
5-791 


108-412 


100-0 
99*880 
96*621 


8 = T. P. 

4 
B.M.I 


11.696 


4-862 

9-817 
6 811 


110*248 


98*550 

100-481 
108*937 


5 




6-427 




108-821 



Assumed Elevation of Station 1. 

Station 2 of Survey. See page ...., 

vol 

Sight taken to ground at N. E. cor. 

Jno. Smithes house. 
Station 8 of Survey noted above. 

Station 4 of Survey noted above. 
. M. ! 
oak. 



veyi 

B. M. 1 is on north side of large white 

oak. 
Station 5 of Survey noted above. 



Proof of Caloitlatiohs.— The calculations are proven by adding together 
the Backsights and also the Foresights taken to turning points and last station. 
Their difference equals the difference of level between the starting point and 
last station. Thus: 



Foresights. 
4-8© 
6-427 

11-289 



3^2 



16110 
11-280 



3-821 = 103-821— 100-0 or 8*821. 

TO COH8TBU0T ▲ OBOBS-BEOTION FBOM A WSLL MADB MIKX HAP. 

To successfully construct a cross-section, the draughtsman should have a 
good knowledge of the local geology. With this, a well constructed map, and 
the following general ideas he can easily construct a good section: 

(1.) Draw a nne across the map through the points determined on. 

(2.) Lay a narrow strip of tracing cloth on this line, draw on it the line and 
carefully mark on it all points desirod with their elevation above a common 
datum. Do this for Inside workings as well as the surface. Mark on it all of 
the '* dips *' given on the map, on the line or in close proximltv to it. 

(8.) Draw a line on the paper you are going to use, and tack the strip of trac- 
ing doth down so that the line on it covers the line on the paper underneath. 

Xi.) With a needle point, prick all points noted on the tracing cloth, through 
to the paper and erect perpendiculars from them. 

(5.) Asnime some eievation as that of the datum line, and measure the 
elevation of all points on the surface above it, and mark these points. Draw 
lines connecting these points, and you will have the profile of the surface. 
. %) In the same manner mark the elevation of the inside workings by erect- 
ing perpendicniars and measuring the distance they are above the aaeumeil 
«leVatloQ of the datum line. With a protractor draw the pitch given, through 
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€acfl point wUch should be so placed as to locate the bottom slate of the vein. 
Connect these pitches as nearly as you can by yonr knowledge of the features of 
the vein, and you will have the profile of the bottom slate. Put the top of the 
vein on oy drawing a line parallel to the bottom, the correct distance from the 
bottom slate. From your map take measurements that will enable you to show 
what portions of the vein are taken out, an4 what still remain solid. Mark 
the assumed elevation on the datum line, and also designate its course. 

By following the above directions and working in the details, which differ in 
every case, a good cross section can be made ttm>ugh any well mapped tract 
without going in the field for notes. 



THE THEORY OF STADIA MEASUREMENTS, 

ACCOMPANIED BY TABLES OF HORIZONTAL DISTANCES AND 

DIFFERENCES OF LEVEL FOR THE REDUCTION 

OF STADIA FIELD OBSERVATIONS.* 

BT ABTHT7R WINSLOW, 

Late Asst. Geologist, Second Oeolog. Survey of Pemia., State Geologtst of Missouri. 



The fundamental principle upon which stadia measurements are based, is 
the geometrical one tnat the lengths of parallel lines subtending an angle are 
proportional to their distances from its 

apex. Thus if, in V%g. 1, a represents the ^ ■ 

length of a line subtending an angle at a ^ TI ^ 

distance d from its apex, and a' the length [^^ — T"~~— ^J^ 

of a line, parallel to and twice the length >■--—*•- -^^^"^ — h— 

of a, subtending the same angle at a ais- ■ * _r'rtr*«j 

tance d' from its apex, then will d/ equal _ 

2rf. Flg.L 

This is,' in a general way, the underly- 
ing principle of stadia work; the nature of the instruments used, however, 
in&oduces several modifications, and these will be best understood by a consid- 
eration of the conditions under which such measurements are generally made. 

There are placed, in the telescopes of most instruments, ntted for stadia 
work, either two horizontal wires (usually adjustable) or a glass with two 
etched horizontal lines at the position of the cross wires, and equidistant from 
the centre wire. 

A self-reading stadia rod is further provided, graduated according to the 
units of mersurement used. 

In a horizontal sight with such a telescope and rod, the position of the stadia 
wires are projectea upon the rod 
and intercept a distance which in 
F\g. 2 is represented by a. 

m point of fact there is formed, 
at the position of the stadia wires, 
a small conjugate image of the rod 
which the wires intersect at points 
b and tf, which are respectiv^y the 
foci of the points B and on the 
rod. If, for simplicity sake, the 
object glass be considered a sim- 
ple bi-convex lens, then, by a principle of optics, the rays from any point of an 
object converge to a focus at such a position that a straight line, called a 
secondary axis, connecting the point with its Image, passes through the centre 
of the lens. This point of intersection of the secondary axes is called the 
optical centre. Hence, it follows that lines such as c C and b B, in Fig. 2, 
drawn from the stadia wires through the centre of the object glass, will intersect 

• Mr. WInslow's calculations and tables have been proven practically correct, by 
tlie several corps of the Second Geological Survey of Fenna. The corps in the an- 
tbracUe reagloDB under directions of Mr. Frank A. HUi, Geologist In Charge, took over 
90,000 stadia sights* and better results w&re obtained when tie surveys were made, 
tbaa to previous woi^ In which distances were ohatoed. 
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the rod at points corresponding to those which the wires cat on the image of 
the rod. From this follows the proportion: 
da p 

- = -. .-. d = -a (1) 

pi 1 

Where J d == the distance of the rod from the centre of the objective] 

p = the distance of the stadia wires from the oentre of the ob- 
jective; 
fs the distance intercepted on the rod by the stadia Wires t 
=z the distance of the stadia wires apart. 

p 
If p remained the same for all lengths of sight, then — could be made a 

desirable constant and d would be directly proportional to a. Unfortunately, 
however, for the simplicity of such measurements, p (the focal length) varies 
with the length of the sight, increasing as the distance diminishes and vice 
versa. Thus, the proportfonality between d and a is variable. 

The object, then, is to determine exactly what function a is of (f and to 
exi>ress the relation in some convenient formula. 

The general formula for bi-convex lenses is: 
111 

- + - = - (2) 

P P" f 

/is thejpHndpo/ focal length of the lens, and ;? and ^ are the focal distances 
of image and object and are approximaltely the same asp and d^ respectively, 
inequation (1): 

1 1 1 
therefore, — | — = — , approximately. 
P d f 
d d 

and— = ^1 

P f 

da 

Prom (1), — = — 

P I 

ad 

/ 
whence, d — —a-^f (8) 

In this formula, it will be noticed that, as/ and I remain constant for sights 
of all lengths, the factor by which a is to be multiplied is a constant, and that 
d is thus equal to a constant times the length of a, plus/. This formula would 
seem, then, to express the relation desired, and it is generally considered as the 
fundamental one for stadia measurements. As above stated, however, the 

1 1 1 
equation — | — = — is only approximately true, and the conjunction of tliis 

P d f 
formula with (2) being, therefore, not rigidly admissible, equation (3) does not 
express the exact relation.* The equation expressing the true relation, though 
differing from (8) in value, agrees with it in form, and also, in that the expres- 
sion corresponding to — is a constant, and that the amount to be added 

I / 

remains, practically,/. The constant corresponding to — may be called jkt, and 

thus the distance of the rod from the objective of the telescope is seen to be 
equal to a constant times the reading on the rod, plus the principal focal 
length of the objective. To obtain the exact distance to the omfiv of the 

* This Is demonstrated later on. 

t ifc Is dependent upon I and can, therefore, be made a convenient value in any In* 
Btrument fitted with adjustable stadia wires. It Is generallv made equal to 100, to 
that a reading on the rod of 1' corresponds to a distance of 100' +/. 
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infitrument, It is further necessary to add the distance of the objective from 
H^at centre, to/ ; which enm may be called c. The final expression for the dis- 
tance, with a horizontal sight, is then 

tf = *a + c (4) 

The necessity of adding c if somewhat of an incumbrance. In the stadia 
work of the U. S. Government surveys an approximate method is adopted in 
which the total diatance is read directly from the rod. For this method the rod 
is arbitrarily eraduated, so that, at the distance of an average sight, tbe same 
number of units of the graduation are intercepted, between the stadia wires on 
the rod, as units of length are contained in the distance. For any other dis- 
tance, however, this proportionality does not remain the same; for, according 
to the preceding demonstration, the reading on the rod is proportional to its 
distance, not from the centre of the instrument, but from a point at a distance 
**c " in front of that centre; so that, when the rod is moved from the position 
where the reading expresses the earot^distance, to a point, say half that distance 
from the instrument centre, the reading expresses a distance j^ than half; and, 
at a point double that distance from the instrument centre, the distance 
expressed by the reading is tnore than twice the distance. The error for all dis- 
tances less than the average being minus, and for greater distances plus. 
The method is, however, a close approximation, and excellent results are 
obtained by its use. 

For stadia measurements with inclined sights there are two modes of proced- 
nre. One, is to hold the rod atrig^t 
angles to the line of sight; the other, 
to hold it vertical. With the first 
method it will be seen, by reference 
to Fig. 8, that tbe distance read is not 
to the foot of the rod, B, but to a 
point/, vertically under the point F, 
cut by the centre wire. A correction 
has, therefore, to be made t(^t this. 
An objection to this method is the 
dlfflculty of holding the rod at the 
same time in a vertical plane and inclined at a definite angle. Further, as the 
rod changes its inclination with each new position of the transit, the vertic^ 
angles of oack and fore sight are not measured from the same point. 

The method usually adopted is the second one where the rod is always held 
vertical. Here, owing to the oblique view of the rod, it is evident that the 
space intercepted by the wires on the rod varies, not only with the distance, 
but also with the angle of inclination of the sight Hence, in order to obtain 
the true distance from station to station, and also its vertical and horizontal 
components, a correction must be made for this oblique view of the rod. In 




Fig. 8. 



'^■^.. 



; = a = the reading on the rod; 
MF = rf=:the inclined distance 
= c + GF = o-}-*.CD; 
MP = D = the horizontal dis- 
tance = d cos n 
FP = Q = the vertical distance 

= Dtann 
n = the vertical angle; 
AGB.= 9m 
It is first required to express d in 
terms of a, n and m. 

From the proportionality existing between the sides of a triangle and the 
sides of the opposite angles, ' " 

AF sinm 




GF 



sin [90« + (»-w)] 

1 
or, A F = G F sin m 



BF 



cos in—m) 
sin m 



and- _ 

QF sin [90«— <» + m)] 

9rpBF = GFsin m- 



pp8(n-f-m) 



dbyGoogk 
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or AP + BP = GP Bin m 



L 



cos in — m) cos (» -f m) J ' 

CD 1 CD cosm 

AP + BP = Ch and GP = = 

2 tanm 2 sinm 

By substituting and reducing to a common denominator, 
CD cos m [cos (n -f m) + cos (n—m)] 

a = — " ■ ■■ 

3 cos (n + m) coe (n-m) 

Reducing this according to trigonometrical formulas, 
cos* n co8« m^ sin* n sin* m 

CD = a '■ 

cos n cos* m 
as <l = MP = c + *. CD. 

cos* n COS* 171— sin* n sin* m 

.-. a=€-^ka 

cos n cos m* 

The horizontal distance, D = tf cos ». 

.' .J) = e cos f» 4- ^ COB* n—A: a Bln*^n tan* m. 
" The third member of this equation may safely be neglected, as it is very 
small even for long distances and large annes of elevation (for 150(K n = 45P 
and * =s 100, it is but 0*070. Therefore, the final formula for distances, with a 
stadia rod held vertically, and with wires equidistant from the centre wire, in 
the following: " 

T) =zecoBn-\-ak cos* n (5) 

The vertical distance Q, is easily obtained from the relation : Q = D tan ». 
. • . i^zz eBinn-\- akcoansinn 
sin2» 

orQsstfsinn-fa* («)♦ 

2 
With the aid of formulse (6) and (6), the horizontal and vertical distances can 
be immediately calculated when the reading'f rom a vertical rod, and the anele 
of elevation, of any sight are given. I have calculated from these formula uie 

8in2n 

stadia reduction tables following. The values of a A; cos* n and a k 

2 
were separately calculated for each two minutes up to 30 degrees of elevation; 
but, as the value of c sin n and c cos n have quite an inappreciable variation for 
1 degree, it was thought sufficient to determine these values only for each 
d^ree. As e varies with diflEerent instruments these last two expressions were 
caicnlated for tlyee different values of c, thus furnishing a ratio from which 
values of e sin n and c cos n can be easily determined for an instrument havk{f 
any constant (<?). 

The many advantages of stadia measurements in surveying need not be dwelt 
upon here, both because attention has been repeatedly called to them, and 
because they are self-evident to every engineer. Neither will it be within the 
compass of this article to describe the vanous forms of rods and instruments, 
or the conventionalities of stadia work. 

A few precautions, necessary for accurate work, should, however, be emphA' 
sized. First, as regards the special adjustments: care should be taken that in 
setting the stadia wirest allowance be made for the instrument constant, and 

*The above demonstration is substantially that given by Mr. (George J. Specht, In 
an article on Topographical Surveying in Van Nostrand's Engineering Magazine for 
February, 1880, though enlarged and corrected. 

t This applies to an instrument with movable stadia wires, and not one with etched 
lines on glass. In the latter case the graduation of the rod is the adjustable portion. 
It has been claimed as an advantage for etched lines on gla8s,that they are n<» affect* 
ed by variations of temperature wnile the distance between stadia vHreB Is. A serleB 
of tests which I made with one of Heller & Brightly's transits, to determine this 
point, showed no appreciable alteration in the space between the wires, as measoied 
on a rod 900 feet distant, with a range of temperature between that produced in tbe 
instrument by the sun of a hot summer's day and that produced by enveloping the 
telescope in a bag of ice. r--?'w 
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that the wires are so set that the reading, at any distance, is less than the true 
distance by the amount of this constant.* 

For accurate stadia work it is better to take the reading for both distances and 
elevations only at alternate stations and then to take them from both back and 
fore sights, in such a manner that the vertical angle is always read from the 
same position on each rod, wliich should be tl»e average height of the telescope 
at the different stations. If it be desired to have the absolute elevation of the 

SDund under the instrument, the height of the telescope at each station will 
ve to be measured by the rod, and tne difference between thitf measurement 
and the average height used in sighting to the rod either added or substracted as 
the case may be. This difference will ordinarily be so small that in a great deal 
of stadia work no reduction will be necessary. In sighting to the rod foi- the 
angle of depression or elevation, the centre horizontal wire must always be 
usea. By this means an exactly continuous line is measured. Cases will, of 
course, occur where this method will be impracticable, and then the mode of 
procedure must be left to the judgment of the surveyor. 

For theoretical eicactness it is necessary that the stadia wires should be equi- 
distant from the centre horizontal wire, for, if this be not the ease, the distance 
read is for an angle of elevation differing from the true one by an amount pro- 
portional to the displacement of the wires. 

With reasonable care a high degree of accuracy can be attained in stadia 
measurements. The common errors of stadia reading are unlike the common 
errors of chaining, the gross ones (such as making a difference of a whole hun- 
dred feet) being, in general, the only important ones, and these are readily 
checked bv douors resMalnes. To facilitate the substraction of the reading of 
one cross hair from that of another, one should be put upon an even foot mark, 
and in the check reading the other one. 

As stated in the preceding discussion, the generally accepted formula express- 
ing the relation between the distance in a horizontal sight, the reading on the 
rod, the distance of the etadia wires apart, and the focal length ot the objec- 
UveiB 

/ 
a = -a-\-/ (8) 

where tf , a, I and/ represent these factors respectively. 
This formula is derived from the conjunction of the two equations: 

P 
d^-a; (1) 

1 1 1 

and — 4- — = — ; (2) 

P P^ f 
pandj/in ^2), being considered as equal to p and d in (1), which, it will be 
remembered, are the distances from the centre of the objective to the image and 
object respectively. But the general formula for lenses (3) is derived on the 
supposition that J) and p' are measured from the exterior faem of the lens, 
and therefore p and d in (1) are each greater, by half tne thickness of the 
len8,thanpandj/in (2). Further, this formula is derived on the supposition 
tliat the object glass of the telescope is a simple, biconvex lens, whereas, in 
ftict, ft is a compound lens composed of a piano concave and a biconvex lens. Now, 
though these points may seem insignincant in themselves, they may influence 
the final result, as a difference of omy 1 in the denominator of such a fraction 
1,000,000 

as may alter the result by as much as 500,000. Considerable thought 

2 
and time has, therefore, been given to the consideration of the effect of these 
corrections, and, as a result, it was found that the formula (3) does not express 
the true relation even within practical limits; and that if it were attempted to 
calculate the distance, d^ by this formula, when the factors/, p and a were 
given, a result would be obtained which would differ consideraoly from the real 

distance. The inaccuracy lies in the expression — . The one to be substituted 

for it is, however, like it, a constant for each instrument; and, as we determine 

* This It assuming the measurements to be made by the ordinary method, and not 
by the approximate one of the IT. S. Engineers. ^ . 
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the value of this constant by nctiial trial and not from a knowledge of theyatnOB 
of /and I, the correction to be made will not affect the practice. 

Considering first the case of a telescooe with a simple, biconvex lens, the 
optical centre, being here, in the centre of the lens, d ando, in equation (1), as 
before staled, are measured from the centre of the lens, while, in equation (2), p 
andp' are measured from the exterior faces. If the thickness of the lens be 
taken as 2a;, then 

p in equation (1) = p in equation (2), minus ar; and 

// " '• rf '* " " X. 

P I 

Therefore, while (1) remains cf = — a,orj> = — d (lo), 

I a 

1 1 1 

by sabstitntion (2), becomes, 1 = ~ (20). 

p—x d—x f 
I 
Substituting d — lorp in (8a) 

a 
and reducing, we have 

(IH-a) (a?+/) 
d = 



21 



^ , /[(I + a)(a:-f/)P «, , . „ ^ ' 
y Hi Y^^' + ^o:/) (3a) 

This is the «at€uA formula corresponding to (8), for biconvex lenses. This 
can, however, be considerably reduced without materially affecting its vaiue. 
With a telescope of the dimensions of that of an ordinary engineer's transit, the 

a 
term — (a;> + ^ ^/) diminishes the result by about } of an inch, and, therefore, 

may be neglected. Formula (3a) then becomes: 

(I + a) (a;-f/) 

d — 

I 

Iaj-hV+a» + fl/ 
_ _ 

= a-^+/+a? 

The addition of x (half the thickness of the object glass) would be inappre- 
ciable in the length of any ordinary sight, and may be omitted. The final 
expression becomes, then: 

«+/ 
d = -— -«+/ <3ft) 

This formula, it will be observed, differs from (3), in that the reading on the 
rod (a) is multiplied by x 4-/ instead of/. The numerical difference between 
the results is seen in the following examples: 

Consider first the case with a one-foot reading on the rod, and let 
X = 18",/ = 900", and I = -08".* 

Formula (3) becomes, then: 
9 00" 

d = 12-00 -h 9*00" = \Wyk = 113-26' ; 

•06" 

Formula (8&) becomes: 

•18" + 9-00" 

d = 1200" -h 900" = 1386 = llS'Sy 

08" 

Diflerence= 2 25' 

• These are very closelv the dimensions in Heller & Brlghtly's largre Surveyor's 
Transit 5-lnch needletjBS kindly furnished me by Mr. Heller, The masnifymg poww 
oi the telescope was 28 diameters. C^ \ 
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When the readinff on the rod is 5 feet (or (KKO» then (SQ heoomes: 



d = ' 



,Q^, 



• 60*00" + 9-00" = 668*2y ; 



and (3&) hecomes: 



d = - 



•18"+9-00" 



•08" 



- eO-Oy' + 900" = 574-60' 



Difference = 11 gy* 

The above demonstration shows, then, that, with a simple biconvex object 
glass, the usually accepted formula expressine the relation between the dis- 
tance, the reading on the rod, the distance of the stadia wires apart, and the 
focal length of the objective, is not accurate even within the limits of accuracy 
of such measurements. With the usual combination of lenses in objectives this 
error would still remain. The derivation of a formula similar to (:id), for such 
lenses, would, however, be extremely difficult and would only hold for the 
special lens in question. For, with such a combination of lenses, the optical 
centre would no longer remain in the centre of the lens, but would vary its 
position according to .the relative thicknesses of the two glasses, their rami of 
curvature and their indices of refraction; and, after its position had been deter- 
mined by abstruse calculation and refined experiments, its cUstemce from the 
two exterior faces of the compound lens would be expressed by (wo (Uferent 
values (a; and a/) instead of two equal values (a;); and this would very much 
complicate further calculation. 

It was ceen that, in the newly deduced formula, for biconvex objectives, like 
that heretofore accepted, the factor by which the reading on the rod is multi- 
plied, is a cuustant for each instrument, and that the practical method of adjiist- 
mg the instrument remains the same. The question now arises, does this 
remain the case with a compound objective ? 

It view of the difficulty of demonstrating this mathematically, it was decided 
to make a practical test of this point with a carefully adjusted instrument. A 
distance or 500 feet was first measured off on a level stretch of ground, and each 
SO foot point accurately located. From one end of this line three successive 
series of stadia readingst were then taken from the first 50 foot and each suc- 
ceeding 100 foot mark. The following table contains the results : 





Spaces Intercepted on the Rod. 




Itt Series. 


2d Series. 


Sd Series. 


Mean. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet. 


50-00 


•4850 


•4860 


-4855 


•4856 


10000 


•9850 


-9870 


-9830 


-9850 


aoooo 


1*9850 


1-9860 


1-9840 


1-9850 


aoo-00 


2-9890 


2-9876 


2-9870 


2-9878 


40000 


8-9880 


8-9800 


8-9890 


8-9840 


50000 


4*9850 


4-9850 


4-9900 


4-9867 



Multipl3ring the mean of these readings by 100 and subtracting the result 
from the corresponding distance, we obtain the following table: 





Mean of Stadia 




Variations 


nistanoes. 


Readings times 100. 


Differences. 


from Mean. 


Feet. 


Feet. 


Feet. 


Feet. 


60-00 


4855 


1-45 


-- -02 
. -- -07 


100-00 


98-50 


1-50 


20000 


19850 


1-50 


-- 07 


80000 


298-78 


1-22 


— -21 


400*00 


398-40 


1-60 


-f -17 


60000 


498-67 


1-83 


— -10 



Sum of differences =s 8*61 
Mean of difference = 1*4 



*As the difference is evidently proportional to the length of sight, with a 1000' 
■Ight it would amount to 22.5% etc. 

tThe readings were taken from two targets set so that the sight should be hor- 
izontal and thus also preventing^ any personal error or prejudice from afleotlng tt)^ 

rM4iog* 
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The variations between the numbers of the colnmn of differences are tiXl^t. 
the maximum from a mean value of 1'48 feet being only *21 feet. A study of 
the tables will show that these variations have no apparent relation to the 
length of the sight, and as, in the maximum case, the variation corresponds to 
a reading on the rod of only '0021 feet (an amount much within the limits of 
accuracy of any ordinary sight), we are perfectly justified in concln^ng that 
these variations are accidental, and that the ** difference ** is, for all practical 
purposes, a constant value.* 

We thus see that with a telescope having a compound, plano-convex objec- 
tive, whatever the formula may be, expressing the relation oetween d, /, a, etc., 
the horizontal distance is equal to a oon«/ani^ times the reading on the rod plus 
a constantt and may, as in tne other cases, be expressed by the equation, 

The following tables, for the reduction of stadia field observatlcms, have been 
computed from formuiaB (5) and (6) respectively : 

The vertical columns, in the tables, consist of two series of numbers for each 
degree, which series represent respectively the different values of a I; cos *n and 
sin 2n 

(xk for every two minutes, when a * = 100. To obtain the horizontal 

2 
distance (D) or the difference of level (O) in any case, the corresponding value 
of c cos n or <; sin n must further be added, and the mean of each of these 
expressions for every degree is given under each column for three of the most 
common values of c. 

Example.— Let it be required to find the horizontal distance and the differ- 
ence of level when: 

n = -f 6» ly, 
ak = 570, and 
c = '75. 
In the column headed 6", opposite W, in the series for *' Hor. Bist.,'' we find 
98*80 as the expression for a k cos ^n, when a A; = 100; therefore, when ak = 570; 
a * cos 3n = 98-80 X 5*70 = 668-16. 

* Mr. Benjamin Smith Lyman has kindly furnished me with the f oliowlne deduc- 
tions from the above tables, as an Indication of the exactness of stadia measurements: 

Yarlatloiis Error (or variation from mean) Mean 

Distances. from mean. in parts of the distance measured. magnitade. 

50ft. 4.-O7--08-t--O8 4- -00188 -'00066 -4-'00088 ' -OOOTTI 

100" 4-"07-'13+'27 4- -00066 —-00188 -hiXJm -OOISH 

200 «» ^K)7-'08 + 17 4*00038 -'00016 +'00088 -000444 

300" _^_.18--18 --00111 -'00061 -iXMi -000^28 

400" -4-'27-f'57--8S +-00066 +'00142 --00068 -OU0972 

800" +-07 +•07 -'48 -{--00018 +'00018 --00086 -OOOffT? 

6) -004841 

-000808 

" We see then that the mean of tin 
insufficient number of eighteen sigh 
an infinite number of trials, and wo 
1-1464 for any one of the number of t 
same kind; This is nearly two-tblrdi 
stadia, with a telescope magnifying 
Franklin Institute Journal (May anc 
haps, to some cause which I did nc 
forward or backward, Inexactness ii 
station, Imperfect graduation of tt 
the glasses or of the air, Imperfectlo 
ments to one another. Inferior llgb 
the unmagnlfled one, waviness froi 
warm air rislne from the sun-heated 
the centre hair upon the centre o 
might be avoided by taking one 
special painting of the target for tt 
the superior exactness of stadia m 
eighteen trials could do It." 

t This mav seem a statement of what was ahready a well known fact. Bnt^ hereto* 
fore, It has been assumed to be a direct deduction from optical prlnciplesT and aa 

according to the preceding article, this is not so clearly evident, ft seeQied^ ^^ 

^r^^twrotoe the point. / ■? -w^v* 
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To this most be added e coe n, which, in this case, is found in the sabjoined 
colnmn to be *75. 
Therefore the required horizontal distance is 

563-16 + -75 = 563-91. 
In a similar manner the required difference of level is 
+ 10-91 X 6-70 + -08 = + 62-27. 

One mnltiplication and one addition must be made in each case. 

It 1b to lie noticed, that, with the smaller angles, cos n in the expression e cos 
n, And c sin n may be entirely neglected without appreciable error. 

For values of c, which differ from those given, an approximate correction, 
proportional to the amount of difference may very easily oe made in these two 
expressions. 
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Elev. 
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Elev. 
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10000 


-00 


99-97 


1-74 


99-88 


3-49 


99 73 


5-28 


99-51 


0-96 
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'* 


-06 


44 


1-80 


99-87 


8-55 


99-72 


5-28 
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99-96 


1-92 
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5-40 
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718 
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*♦ 


•28 


** 
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6-46 
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^4 
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14 
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12, . . 
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44 


209 


9986 
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8-95 
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" 
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44 
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2-66 
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7-76 


30, . . 


** 


-87 


4* 


262 


44 


4-86 


44 


6-09 


99 88 
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7-88 
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7-99 


88, . . 


it 
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'• 
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44 
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633 
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40, . . 


** 


116 


'• 
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6-88 


99-34 
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" 
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" 
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4-76 
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6-66 
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8-28 
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6-61 
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6-84 
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** 
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t* 
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'* 
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4-99 
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H . . 


(( 
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99-74 
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6-61 
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1-68 


44 


3-87 


*' 
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9»58 


6-84 


99-26 
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66^ . . 


" 
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8-48 
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9962 


6-90 


99-25 
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eS; . . 


** 
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44 


849 


44 
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99-51 


6*96 


99-24 


8-68 


Css -76, 


•75 


•01 


•75 


.02 


•75 


08 


•75 


-05 


•75 


06 


c=l-00. 


100 


•01 


100 


.08 
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•04 


1-00 


-06 


1-00 


•08 


c=rl-25. 


1-25 


-02 


1-25 


.08 


1-25 


•05 
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-08 


1-25 


-10 
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94-28 


28-82 


93-46 


84-75 


92-56 


26-25 


s- • • 


95-77 


20-12 


95-04 


21*71 


94-26 


23-27 


98-42 


84-80 


92-63 


86-80 


54, . . 


95-75 


20-18 


9502 


21-76 


94 28 


23-32 


93-89 


84 86 


98*49 


86-86 


5 • • 


95-72 


20-28 


94-99 


21*81 


94-20 


23*87 


93-86 


84-90 


92-46 


26-40 


s • • 


95-70 


20-28 


94-97 


21 -sr 


94- 17 


23-42 


93-88 


84-95 


92-43 


86-4& 


«. . . 


95-68 
•78 


20-84 


94-94 


21-92 


94*16 


23 47 


93-80 


85-00 


92-40 


26-50. 


e= -75, 


-15 


-78 


•16 


78 


-17 


•78 


•19 


•72 


•20 


e=100, 


-98 -20 


•98 


'22 


*97 


-28 


*97 


•86 


-96 


-27 


e=r25. 


1-22' -25 


1-22 


27 


121 


-29 


121 


81 


1-20 


-84 
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M. 


16» 


170 


18* 


19<» 


ao» 


Hor. 


Dili. 


Hor. 


Dili. 


Hor. 


Dlfl. 


Hor. 


Dlfl. 


Hor. 


DIff. 




Dl8t. 


Elev. 


DlBt. 


Elev. 


Dlst. 


Blev. 


Dlst. 


Bley. 


DiBt. 


Bier. 


(X. . . 


»2-40 


26-50 


91*45 


27-96 


90-45 


29*89 


89*40 


80*78 


88*80 


8214 


8, . . 


92-87 


26-65 


91-42 


28-01 


90-42 


29-44 


89-36 


80-83 


88-26 


88-18 


4, . . 


92-84 


26-50 


91-89 


2806 


90*88 


29*48 


89-33 


30*87 


88-28 


82 21 


6, . . 


92-81 


26-64 


91*86 


28-10 


90-85 


29-58 


89*29 


80*02 


88*19 


82 27 


8, . . 


92-28 


26-69 


91*82 


28- 15 


90-81 


29*68 


89-26 


30*07 


8815 


82» 


10, . . 


92-25 


26-74 


91*20 


28*20 


90-28 


29*62 


80*22 


81*01 


88*11 


82-80 


12, . . 


92-22 


26*79 


91*26 


28*25 


90*24 


29*67 


80*18 


81-06 


88*08 


82*41 


14, . . 


92*19 


26*84 


91*22 


28-30 


90*21 


29*72 


80*16 


81*10 


88*04 


82 46 


16, . . 


9215 


26*80 


91*19 


28-84 


90*18 


29*76 


89*11 


81*15 


88-00 


88-49 


18, . . 


92-12 


26*94 


91*16 


28-80 


90*14 


29*81 


89*08 


81*10 


87*96 


82*54 


20, . . 


92-09 


26*99 


91 12 


28*44 


90*11 


29*86 


80*04 


81-24 


87*06 


82-56 


22, . . 


9206 


27*04 


91*09 


28*40 


90-07 


89-90 


80*00 


81-28 


87-89 


88-« 


24, . . 


9208 


27*09 


91*06 


28*64 


9004 


89*05 


88^96 


81-83 


87*85 


88-07 


28, . .. 


9200 


27*13 


91-02 


28*68 


90-00 


80-00 


8808 


81*88 


87-81 


»?» 


28, . . 


91-97 


2718 


90-99 


28*63 


80*97 


8004 


88-89 


81*42 


87*77 


88*7« 


ao, . . 


91-98 


27*28 


90*96 


28*68 


8008 


80*09 


88-86 


81-47 


87*74 


88-80 


82, . . 


91*90 


27*28 


90-92 


28-78 


80-90 


80*14 


88-82 


81*61 


87*70 


88*85 


84, . . 


91-87 


27*83 


90-89 


28*77 


80*86 


80*19 


88-78 


81-56 


87*66 


82-8» 


86. . . 


91*84 


27*88 


90-86 


28*82 


89*88 


80*23 


88-75 


81*60 


8762 


88 08 


88, . . 


91-81 


27*43 


90-82 


28*87 


80*70 


80-28 


88-71 


81*65 


87-58 


82 98 


40, . . 


91*77 


27*48 


90*79 


2802 


80*76 


80-82 


8867 


81-00 


87-64 


88 08 


42, . . 


91*74 


27*52 


90*76 


28*96 


80*72 


80*87 


88-64 


81-74 


87*51 


88-07 


44, . . 


91-71 


27-57 


90-72 


29*01 


89*69 


80*41 


88*60 


81*78 


87-47 


88-11 


46. . . 


91-68 


27-62 


90-69 


29*06 


89 66 


80*46 


88-66 


81-88 


87*43 


88- 15 


48, . . 


91-65 


27*67 


90-66 


29*11 


89*61 


80*51 


88-58 


81-87 


87-89 


88-20 


80, . . 


91*61 


27-72 


90*62 


2916 


89*68 


80*55 


88-40 


81*02 


87*36 


88-24 


52, . . 


91*68 


27*77 


90-60 


29*20 


80-54 


80*60 


88*46 


81*96 


87*31 


88*88 


64, . . 


91-55 


27*81 


90*55 


2926 


89-61 


80-65 


88*41 


82*01 


87*27 


88-88 


56, . . 


91-52 


27*86 


90-62 


2980 


89-47 


80*60 


88*88 


82*05 


87-24 


88-87 


58, . . 


91*48 


27*91 


90*48 


29*84 


89-44 


80*74 


88-84 


82*00 


87 20 


88-41 


60, . . 


91*46 


27-96 


90-45 


2939 


89*40 


80*78 


88*80 


82*14 


87-16 


88-46 


C= '75, 


•72 


*21 


72 


•23 


-71 


-24 


*n 


26 


-70 


•86 


€=100, 


•86 


•28 


•96 


•80 


•96 


•82 


•94 


•88 


94 


•86 


c=l-25, 


1-20 


85 


1*19 


•88 


1*19 


•40 


118 


-42 


1-17 


44 
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M. 


21» 


22° 


28'» 


24<» 


26« 


§s-. 


DWr. 

Elev. 


Hor. 
Dlst. 


DIff. 

Elev. 


Hor. 
Dist. 


DIff. 

Elev. 


gSf. 


Dlfl. 
Elev. 


gffi-. 


DIff. 

Elev. 


4. . . 
6, . . 

.S: : : 


87-16 
8712 
87-08 
8704 
87-00 
86'96 


83-46 
83-50 
83-54 
83-59 
83-68 
8867 


85-97 
85-98 
85-89 
85-85 
85-80 
85-76 


84-73 
84-77 
84-82 

84-86 
84*90 
84-94 


84-78 
84-69 
84-65 
84-61 
84-57 
84-52 


35-97 
8601 
8605 
86-09 
8613 
36-17 


83-46 
83-41 
83-37 
83-83 
83-28 
83-24 


87*16 
87-20 
87*23 
87-27 
87-31 
87*85 


82-14 
82-09 
82-05 
82-01 
81-96 
81-92 


88-80 
88-34 
88-38 
88-41 
88-46 
88-49 


12. . . 

14, . . 


86-92 
86-88 
86-84 
86-80 
86-77 


83-72 
88-76 
83-8(T 
83-84 
83-89 


86-72 
85-68 
85-64 
85-60 
85-56 


84-98 
85-02 
85-07 
85-11 
85- 16 


84-48 
84-44 
84-40 
84-35 
84-31 


86-21 
36-25 
86-29 
86-33 
86-87 


83-20 
83-15 
83-11 
83-07 
83-02 


87*89 
87*48 
87-47 
87-51 
87-54 


81-87 
81-88 
81-78 
81-74 
81-69 


88-68 
8856 
88^60 
38^64 
8867 


1. :: 

1: : 

30, . . 


86-78 
86-69 
86-65 
86-61 
86-67 


83-98 
88-97 
84-01 
8406 
84-10 


85-52 
85-48 
85-44 
85-40 
85-86 


85-19 
35-23 
85-27 
35-31 
86-86 


84-27 
84-23 
84-18 
84-14 
84-10 


86-41 
86-45 
86-49 
86-53 
86-57 


82-96 
82-98 
82*89 
82-86 
82-80 


87-68 
87*62 
87*66 
87*70 
87*74 


81-65 
81-60 
81-56 
81-51 
81-47 


8871 
88-76 
88-78 
38-82 
88-86 


1:: 

38, . . 
40, . . 


86-68 
86-49 
86-45 
86-41 
86*87 


84-14 
8418 
84-28 
84-27 
84-81 


86-81 

85-27 
85-28 
85*19 
8516 


85-40 
85-44 
85-48 
85-52 
85-56 


8406 
84-01 
83-97 
83-93 
83-89 


86-61 
86-65 
86-69 
86-78 
86-77 


82-78 
82*72 
82-67 
82-68 
82-68 


87-77 
87*81 
87*85 
87-89 
87-98 


81-42 
81-88 
81-83 
81-28 
81*24 


38-89 
88-98 
88-97 
8900 
89-04 


in 


86-88 
86-29 
86-26 
86-21 
86-17 


84-85 
84-40 
84-44 
84*48 
84-62 


85-11 
8507 
85-02 
84-96 
84-94 


85-60 
85 '64 
85-68 
35-72 
85-76 


83-84 
83-80 
83-76 
88-72 
88-67 


86-80 
86-84 
86-88 
86-92 
86-96 


82-64 
82*49 
82-46 
82-41 
82-86 


87-96 
88-00 
88*04 
88*06 
88*11 


81-19 
81-16 
81-10 
81-06 
81-01 


89-08 
89-11 
89-16 
89-18 
89-22 


52, . . 
54. . . 

S: : 

60, . . 


86-18 
86-09 
8606 
86-01 
85-97 


84-67 
84-61 
84-65 
84-69 
84-78 


84-90 
84*86 
84-82 
84-77 
84-78 


86-80 
85-86 
85-80 
86*93 
86-97 


83-68 
83-59 
83-54 
83-60 
83-46 


87-00 
87-04 
8708 
87-12 
87-16 


82-32 
82-27 
82-28 
82-18 
82-14 


88-15 
88*19 
88*23 
88-26 
88-80 


80-97 
80-92 
80-87 
80-88 
80-78 


89-26 
89-29 
89-88 
8936 
89-40 


c= -75. 


•TO 


•27 


'69 


•29 


69 


•80 


-68 


-31 


-68 


•82 


e=l-0O, 


'98 


-87 


-92 


•38 


-92 


-40 


-91 


•41 


•90 


•48 


C=l-25, 


116 


1 -46 


1-16 


•48 


1-15 


•50 


1-14 


-52 


1-13 


•54 
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M. 


26' 


27« 


28'» 


29» 


ao» 


Hor. 


Diff. 


Hor. 


Dili. 


Hor. 


Kley. 


^ 


Dlff. 


Hor. 


Dlfl. 




Dlst. 


Elev. 


Dlst. 


Elev. 


Dlst. 


Eley. 


Dlst. 


Eley. 


(K. . . 


80-78 


89*40 


79*80 


40*45 


77*96 


41-46 


76-50 


42*40 


76*00 


48-80 


8. . . 


80-74 


80*44 


79*84 


40*49 


77 91 


41-48 


76-45 


42*48 


74-96 


48 as 


4. . . 


80*09 


80-47 


79*80 


40 52 


77*86 


41*62 


76-40 


42*46 


74*90 


48-» 


6, . . 


80-65 


89-61 


79*25 


40-65 


77*81 


41*56 


76-86 


42 49 


74*86 


4S-S9 


8. . . 


80*60 


89-54 


79*20 


40-59 


77*77 


41*68 


76-80 


42-68 


74-80 


4S-4i 


10. . . 


80-66 


89*68 


7915 


40*62 


77*72 


41-61 


76*26 


42*66 


74-75 


48-45 


12, . . 


80-61 


89-61 


79-11 


40*66 


77-67 


41-65 


78-20 


42-50 


74-70 


43 47 


14. . . 


80-46 


89-66 


79-06 


40-69 


77*62 


41-68 


76*15 
76*10 


42-62 


74*66 


48*50 


16. . . 


80*41 


89-69 


79*01 


40-72 


77*57 


41*71 


42*66 


74-60 


48*58 


18. . . 


80*87 


89*72 


78*96 


40-76 


77*52 


41-74 


76-06 


42-68 


74-55 


48M 


aa. . . 


80-82 


88*76 


78-92 


40-79 


77 48 


41*77 


7600 


42*71 


74*40 


48-60 


22, . . 


80*28 


89-79 


78*87 


40-82 


77-42 


41*81 


75-96 


42*74 


74*44 


48-62 


24, . . 


80*28 


89*83 


78*82 


40*86 


77*88 


41-84 


76*90 


42*77 


74*89 


48-65 


s* • • 


80-18 


89*86 


78-77 


40*89 


77-33 


41*87 


75*85 


42-80 


7434 


48-«r 


28, . 


8014 


80-fiO 


78*78 


40-92 


77*28 


41*90 


75-80 


42*83 


74-29 


43-^ 


80, . . 


8009 


80-96 


78*68 


40*96 


77-28 


41-93 


75*76 


42*86 


74 24 


48-7I 


82, . . 


80-04 


89-97 


78-68 


40-99 


7718 


41-97 


75-70 


42*60 


74*19 


48*7« 


2!' • • 


8000 


40-00 


78*58 


41*02 


77*18 


4200 


75-65 


42-92 


7414 


4S7i 


86, . , 


79*95 


4004 


78*54 


41*06 


77*09 


42*03 


75-60 


42*96 


74-09 


48 8S 


88. . . 


79-90 


40-07 


78-49 


41*09 


7704 


42-06 


75*55 


42-98 


7404 


48-84 


40, . . 


79-86 


4011 


78*44 


41*12 


76-99 


4209 


75*60 


48*01 


78-99 


48-87 


42, . . 


79*81 


40-14 


78-89 


41-16 


76-94 


42-12 


75*45 


43-04 


7893 


48-90 


44, . . 


79-76 


40*18 


78-84 


41 19 


76*89 


42*15 


75*40 


4807 


78*88 


43-9} 


46, . . 


79-72 


40-21 


78-80 


41-22 


76-84 


42-19 


75*86 


43*10 


78-83 


«-95 


48, . . 


79-67 


40 24 


78-25 


41*26 


76-79 


42*22 


75*80 


43 13 


73*78 


43 J» 


60, . . 


79*62 


40-28 


78-20 


41*29 


76-74 


42-25 


75*26 


43*16 


73*73 


44-01 


62, . . 


79-68 


40-81 


78*16 


41*82 


76*69 


42-28 


75-20 


43-18 


78-68 


44-04 


64, . . 


79-53 


40*35 


78-10 


41*85 


76-64 


42*81 


76*16 


48*21 


73-63 


^'2 


66, . . 


79*48 


40-38 


78-06 


41*89 


76 59 


42-34 


7510 


48*24 


78*68 


44-01 


68, . . 


79*44 


40-42 


7801 


41*42 


76-66 


42-37 


7506 


48 27 


78*52 


44-11 


60, . . 


79-39 


40-45 


77 96 


41-45 


76-50 


42-40 


76*00 


43*30 


78-47 


44-lfl 


e= -75, 


•67 


-88 


66 


•35 


•66 


-36 


-66 


-87 


-65 


m 


C=sl00, 


•89 


-46 


-89 


•46 


•88 


-48 


•87 


-49 


-86 


•M 


eel -25. 


1*12 


-56 


1*11 


-68 


1*10 


-60 


1*09 


•62 


1*08 


••1 
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UNDERGROUND RAILWAYS. 



TTndergronnd or mine car tracks shoald be solidlv laid on good sills resting on 
tbe Bolia floor of the mine. They Should be well ballast^, and shoald have 
flood clean gutters on the lower side of the entry so that the rails may be pro- 
tected as much as possible from the action of the mine water. The grades de- 
pend entirely on circumstances, bat when possible tbe grade shoald be in favor 
of the load, and shoald be at least 6 inches in 100 ft. to ensure flow in the gat- 
ters alongside the track. The gauge of the track should not be less than aO 
inches or more than 48 inches. A mean between these two, or a gaufra of from 
88 to 42 inch^'S is desirable because it combines, to a certain extent, the advan- 
tages claimed for the extremes. 

The advocates of broad gauges believe that the greater stability of the track 
and the consequent reduction in haulage expenses, the increased capacity of the 
broad gauge mine cars; the reduction m the outlay for rolling stock, and for re- 
pairs to toe same, more than equal the disadvantages of broad as compared to 
the narrow gauges. 

Advocates of the narrow gauges think that the ease of hauling around sharp 
corves, the reduction in cost of construction, and the u^e of. mine cars with in- 
side wheels, are advantages greater than those advanced by the advocates of the 
broad gauges. 

The rails should be T-rail of regular section, varying in weight per yard from 
18 lbs. to 50 lbs., according to semce, and in some cases they are used as heavy 
as 70 lbs. per yard. Steel rails in the end are cheaper than iron rails. 

Curves shoald be of as large radii as possible, and never of less radius than 26 ft. 

The resistance of curves is very considerable. The less the radius of the curve, 
and the greater the length of the curved track occupied by the trip, or train, the 
greater the resistance. The length of wheel bases of the cars, the condition of 
rolling stock and of the track, and the rate of speed, all influence the resietance 
and there is no formula that will apply to all cases. In practice on surface rail- 
roads engineers compensate for curves on grades at the rate of 2/100 of a foot In 
each hundred feet for each degree of curvature, the grade being stated in feet 
per hundred. In mine work this compensation is not made, as the gain will 
not pay for the labor that must necessarily be employed to do work m a thor- 
oughly scientific manner. 

Sharper curves can be used on narrow gauge roads than on broad gauge roads, 
because the difference in length of the inner and outer rails on curves on the 
same degree is not quite so great, and also because the wheel bases of cars are 
1ms. The track should be spread about ^ of an inch on easy curves, and on 
very short curves about an inch, or as much as the tread of the wheels will per- 
mit. 

A good rule is to widen the track ^ of an inch for each 2^ degrees of curva- 
ture. 

Short and hrregular carves are to beavoided whenever possible, as they in- 
crease the load ai^ are destructive to rails and rolling stock. When a sharp 
curve is necessary the rail should be bent to the righf curvature by a portable 
rail bender, or by a jack and clamps. 

The outer rail of a curve should be slightly hi^er than the inner rail, but no 
set rule can be given, for the amount of elevation depends entirely on the gauge 
of track, design of cars and rate of speed. 

Boles for memsnrlng the radius of a curve.— 

Stretch a string, say 20 feet long, or longer if the 
curve is not a sharp one, across the curve corre- 
sponding to the line from A to C in the diagram. 
Then measure from B the centre of the line A-C, 
and at right angles with it, to the rail at D, 
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Multiply the distance A to B, or one-half the length of the string, in indies 
by itself; measore the distance D to B in inches, and multiply it hy itself. Add 
these two products and divide the sum by twice the distance nt>m B to D, 
measured exactly in inches and fractional parts of inches. Tliis will give the 
radius of the curve in inches. 

It may be more convenient to nse astmight edge Instead of a string. Care 
must be taken to have the ends of the string or straight edge touchme same 
part of the rail as is taken in measuring the distance from the centre. If the 
string touches the bottom of the rail flange at each end, and the centre measure- 
ment is made to the rail head, the result will not be correct. 

In practice it will be found best to make trials on different parts of the curve 
to allow for irregularities. 

ExAMPLi.~Let.A-G be a 20 feet string; hilf the distance, or A-B,is then ten feet, 
or 130 inches. Suppose B-B is found on measurement to be 8 inches. Then 180 
multiplied by 120 is 14,400, and 8 multiplied bv 8 is 9; 14,400 added to 9 is 14,409, 
which, divided by twice 8, or ff, equals 2,401^ inches, or 200 feet 1^1 inches, 
which is the radius of the curve. 

AB'-f BD« _|> 
2BD 



The formula is thus stated. 



Or applied to the above example, 



.1 




ng.1. 



Ml-±-?==2,401H in.=200 ft. IH in. 

To Had the radias of a elrealar railroad enrve, the stnight portions of a 
road being given.— If Q I and P D are the straight por- 
tions that are to be connected, the radius of the carve 
I D may be found as foUows: 

Produce Q I and P D until they meet and form the 
angle T. Bisect the angle Q T P by the line T B. Prom 
the point on either line from which the curve is to be- 
gin. In this instance making the point I the point of 
curve, erect the line 1 perpendicular to Q T and the 
point where this joins the line T B, or C, is the centre 
of the cuihre, and the line I O is the radius. To find 
the end of the carve, or point of tangent, as D, draw 
a line from C, perpendicular to T P. The line C B 
will also be a radius of the circle of which I B is the 
arc and the point B will be the point of tanget. 

To find the radii of compound enrves to Join two straight portlona of road. 
—This kind of curve is adopted where the rail- 
road is required to pass through given points 
as C, B, B, F, or to avoid obstructions. 

Compound railroad curves are composed of 
straight lines and chrcular arcs, and have com- 
mon normals, O H, O P, P I, Q J, K K, and 
therefore common tangents where the arcs are 
joined. The normals are perpendicular to the 
straight portions of the road also; O U is ner- 
pendicular to A B, B F is perpendicular to Q J, 
andER. 

To find the radU O B, C Q, to connect two straight lines of raUroad. ABB 

B, the road has to pass from the point B, through the point * 

C, and to touch the straight roacf E F at an v point B. 
Join B and C, make me angle B C 0=0 B C, which is 

supposed to be given, equal 90«— T B C. Braw B O per- 
pendicular to A B, then B=C O, and is the radius ofthe 
arc BC. 

With O B as radius describe the arc B C; draw C F 
perpendicular to C Q, and produce B B to meet it in F, 
make B F=C F, and draw B Q. perpendicular to E F, 
to meet C Q in Q. Then C Q=Q B, and the radii O B 
and Q B are determined. 

To bead rails to proper are for any radios.— Rails are 
usually 30 ft. long, and the most convenient chord to use 
In bending mine rails is 10 ft. 

Tiien having the radius and chord we find the rise of middle ordinate by 
squaring the radius, and from it take Vi the square of the chord. Extract the 
square root of the remainder and subtract it from the radius; the result will be 
the rise or the middle ordinate. Thus having a radius of 80 ft. and a chord of 

10 ft., the middle ordinate will be ^ ^ , 

80-t^80a-5«or 042 fizzed by Co Ogle 




Fig. 2. 




Fig. 8. 



COLLIEKT EMGINBER FOOKET-BOOK. 



147 




Fig. 4. 



Tbe switch, or "latch** moat commonly used in mines is shown in F%g. 4. 
When the hrancb or siding is in constant nse 
an ordinary railway frog is substituted for 
Ibe bar "6/^ The latches a, a, are wedgti- 
shmed bus of iron (made as high as the rail) 
with an eye in the thick end. They are some- 
times connected together hv a rod attached to 
a lever so that they ma^ lioth be moved at 
once from the side of tne track, or by h per- 
son eitnated Ht some distance. This switch 
is made self-closing or automatic whenever it 
is necessary to run all the cars off at the 
branch (the switch then being used onljr to 
admit cars to the main track) hy attaching 
the latches throus^h a bar or lever to a metal- 
lic sprins^, & stick of some elastic wood, or 
a counter weight, to ptull them back into a certain position whenever they have 
been pushed to one side or the other by the i)assage of a car on the main track. 

Fiffs. 7, 8, 10 and 11 show some of the applications of these spring latches or 
automatic switches. By a similar arrangement. in which ttoo counterpoise weights 
are used, the car may be made to set the latches, and sometimes the car is de- 
pended upon to effect this without the assistance of counterweights. (See 
yi^«. lOandll.) 

The counterweights used for this purpose are usually set on a rocking arm or 
lever oscillating a short distance beyond the vertical on one side, and through a 
greater arc on tne opposite side of the centre. The car opens the switch a cer- 
tain distance moving the weight over the centre; the weight then falls, carrying 
the switch over, and setting the latch firmly against the rail. 

A m dification of this switch is shown in Fig. 5, which represents a form of 
double switch. These latches are set by the 
drivers who kick them over and drop a small 
square of plaie iron between them to hold 
them in place. This switch costs more than 
the other style and is better adapted to ont- 
side roads than to inside roads. Tne ordinarv 
movable rail switch in common use on ail 
surface railways is sometimes nsed in mine 
roads. It is commonly used in slopes ar- 
ranged as shown by Fig. 9, to replace latches 
set bv the car, and is also largely used in 
outside roads. 




Flg.S. 



For crossings, ordinary railway frogs and grade crossings are sometimes used, 
as is also a small turntable, which ther 
answers two purposes. More frequently the 
plan shown in Fig. «, In which four movable 
bars are thrown across the main track when- 
eveir the other road is to be used, is adopted. 

The subordinate road is built from l^to 2 
in. higher than the main road to allow the 
bars to clear the main track rails. 

TURNOUTS. 

On gangways or headings used as main 
haulage roads turnouts should be constnicted 
at convenient intervals to allow the loaded 
Hnd emptv trips to pass. These turnouts 
should be long enough to accommodate from 
five or six up to fifteen or twenty cars. The 
switches at each end may be made self-acting so that the empty trip, coming 
in, is thrown on the turnout, and in running out on the main track at the other 
end the loaded cars open the switch which immediately closes. 

As there is constant trouble with self-setting switches, either from small 
fragments of coal or slate clogging them up, or from insufficient power of the 
spnng to move them, they are viewed with disfavor by many colliery managers 
who do not care to use them under any conditions. 

Digitized by VjOOQ IC 
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tOJOn BOTTOMS. 




At tbe foot of a dope, or at the landing on any lift, the gangway is widened 
ODt to accommodate at least two tracks— one for the empty and one for the 
loaded cars. 

The empty track should he on the npper side of the gangway, or that side 
nearest the floor of the seam, and the loaded track on that side or the gangway 
nearest the roof of the seam. 

An arrangement of tracks often used is 
shown in I%g. 7. At a distance of 40 or 60 
feet above the gangway the slope is widened 
ont to accommodate the branch leading into the 
gangway loaded track. This branch aescends 
with a gradually lessening inclination until 
nearly at the level of the gangwav it tarns into 
the main loaded track. A short distance above 
the gangway a bridge or door is placed, which, 
when . closed, forms a latch by which the 
empty cars are taken off the slope. The 
empty track is about 6 ft. higher than the 
loaded track, and is carried over it on a trestle. 
The illustration in Fig. 7 shows the plan as 
arranged for a single slope, or one side only of 
a slope taking the coal from both directions. 
When coal is l>eing raised from this lift the 
bridge is closed; the empty car comes down and is run off over the bridge; the 
car is unhooked from the ro^, and the chain and hook, attached to the rope, 
are thrown down to the branch below on which a loaded car is standing; the 
loaded car is attached, the signal given, the car ascends to the main track on the 
slope, opening the switch— or the switch mav be set each time by the botUMn- 
men by means of a lever at the bottom of the branch. 

This plan can only be economically applied in thick seams, as the height neces- 
sary to allow one track to cross the other on a trestle cannot be obtained in 
seams of moderate thickness without taking down a large amount of top. 

A more simple plan, which dispenses with the bridge, is often used. The 
branch is laid off, as shown by f%g. 7, but near the point where it enters the 
gangway a switch, opening into the empty (a loaded) track, is placed. 

B; this arrangement tne tracks cannot be as well arranged for handling, 
the cars by gravity as in the former plan, in which the empty cars 
when detached from the rope, run by gravity into the emptv siding, and the 
loaded cars descend by gravitv around the curve to the foot of the branch, 
where they lie ready to be attached to the rope. When the pitch of the slope is 
so steep that the coal falls out of the cars, the coal is raised in a gnnboat or the 
cars are raised on a slope carriage— in either case the arrangement of the tracks 
at lift landings is entirely different. With either a gunboat or a slope carriage 
the arrangement of tracks on the slope is the same; but, in the former caae, a 
connection between the slope and gsmgway tracks is often advisable. 

When a gunboat is used the n^ngway tracks run direct to the slope, and a 
tipple, or damp, is placed on each side to dump the mine cars over the gunboat; 
but when the cars are raised on a slope carriage, the gangway tracks ran direct 
(at right angles) to the slope to carry the car to the cage or carriage. The floor 
of the cage Is horizontal, and has a track on it which fits on the end of the 
gangway track when the carriage Is at the bottom, and this track is arranged 
with 9tops similar to those on cages used in shafts. 

Another common arrangement of tracks at the bottom of a slope is shown by 
Fig. 8. 

A branch is made by widening the slope out 
near the bottom, and this, being a few feet 
higher than the niain track, is nsed to run off the 
empties by gravity. The loaded cars run in by 
gravity around the curve to the foot of the 
slope in position to be attached to the rope. 

In ascending, the loaded car forces its way 
through the switch, or the switch may be set by 
a lever located at the foot of the slope. When 
tbe empty car descends it runs in on the branch, 
where the chain is unhooked and thrown over in 
front of the loaded cor, and runs around the curve m^ a 

into the gangway by ^avity. «*«•'* 
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Tig. 9. 



It will be observed that In this plan the loaded car (and consequently the 

» bottom-men) stands on the track in line with the slope, and in danf^r from any 

objects falling down the slope, or from the breakage of the rope or couplings; 

bnt this can to obviated by maldng the bottom on the carve. . The illustration 

in Fig. 8 shows only one-half the slope; the other half is, of course, similar. 

All of these plans necessitate the location of that part of the gangway near 
the slope, in the upper benches of the coal or near the top rock— the gangway 
is then curved gently around toward the floor, so that, when It nas been driven 
far enough to leave a sufficiently thick pillar, the bottom bench is reached and 
the gangway Is then driven along the bottom rock. 

A very dinerent bottom arrangement is shown by 
Fig. 0, which also represents a plan frequently 
adopted on surface planes. 

Toe two slope tracks are merged into one a short 
distance from the bottom of the slope, and on the 
opposite side of the bottom two tracks curve around 
into the gangway on ooposite sides of the slope. As 
these branches curve into the main gangway tracks, 
a switch sends off a side track for the empty cars. 

The switch on the elope is either set by the car— 
and this can be done because the next loaded goes 
up on the same side on which the lastempty descend- 
eo— or by a lever located at the bottom. 

It will at once be seen that in this plan no oppor- 
tunity is afforded of handling the cars by gravity. 
The curved branches are made nearly level, and the momentum of the descend- 
ing car, if quickly detached, is often sufficient to carry It jiartly or wholly 
around the curve, even against a slight adverse grade. The disadvantage above 
noted of having the bottom in direct line with the slope (where there Is danger 
fh>m breakage and falling coal) also obtains in this plan. 

In the plan shown by Fig. 10, the grades may be so 
arranged that the cars can be entirely handled by 
gravity. 

The latches on the main slope track may be closed 
automatically by a spring or weight, the loaded car 
running throueh them in its ascent on the slope, or 
both sets may be operated by a single lever at the 
bottom. The switch at the upper end of the cen- 
tral track Ooaded) is set by a nand lever. All three 
sets may be linked together, so that they can all be 
properly set by a single lever. 

Reference to .71^. 8 will show that this Is only a 
modification of that method. It requires space at 
the bottom for only three tracks, while the former 
requires width to accommodate four tracks, but is ob- 
jectionable because it is more complicated. The 
extrasetof latches at the top of the central track, 
and the curvature of both main tracks into this central one, must inevitably 
cause much trouble and delay from cars jumping the track at this point. 

The plan shown in Fig. 11 is open to many of the objections pertaining to 
some of those already described, and which need not 
be reiterated here. It can only be employed in thick 
seams, or in seams of moderate thickness lying at a 
slight angle or dip. 

In planning the arrangement of tracks on a slope, 
it is advisable to place as few switches as possible on 
the slope itself; to keep the main track unbroken; to 
make the tracks as straight as 'possible; to have 
nothing standing at the bottom in direct line with the 
slope tracks: and to arrange the tracks so that cars 
are handled by gravity. 

The arrangement of tracks near the top of the 
slope, and on the surface, is often very similar to the 
bottom arrangements, as already described; but as all 
loaded cars (except rock and slate cars, which are run 
off on a separate switch) are to be sent off on one 
track, and au the empties come in on the same track 
to the head of the slope, and as there is usually abund- 
ance of room for tracks and sidings, these top ar- 
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rangements are in a meaenre mticli more easily deaif^ed. In some instances 
the two main slope tracks ran into a single track near the head of the slope— 
a plan somewhat similar to the bottom arrangement shown by Fig. 9— and the ' 
cars are then brought to the surface on one track, which, after passing the 
knuckle, bifurcates into a loaded and empty track. A similar arrai^ement is 
frequently adopted at slopes on which a carriage or gunboat is used. When the 
two main slope tracks are continued up over the knuckle to the surface— the 
most common and best plan— the arrangement of tracks and switches may be 
planned entirely with a view to the quickest and most economical method of 
handling the cars. 

VERTICAL CCRTES AT TOPS AND BOTTOMS OF SLOPES AND PLANES. 

The vertical curves at the knuckle and bottom of a slope or plane should 
have a sufficiently large radius, that when passing over 
them, the car will rest on the rail with both front and 
back wheels. The wheel base of the car must be con- 
sidered in adopting the radius for these curves, for 
if the curve is of too short a radius, there is danger of 
the car jumping the track every time it passes over 
the curve. Fig. 12 shows, in an exaggerated degree, 
the car passing over curves that are of too small 
a radius. The defects and remedy are both apparent *^«* «• 

at a glance. 

PLAN OF TRACKS FOR BOTTOM OP SHAFT. 

Fig. 13 shows the arrangement of tracks at the foot of a shaft, with one of 
the cages at surface. The grades should be so arranged that from the inside 
latches of the crossings, the empty track should 
have a slight down grade from tne shaft, and the 
loaded track a slight down grade toward the 
shaft. The crossmgs and the short straight 
piece of road close to the shaft should be leveL 

As it is often desired to move empty cars from 
one side of the shaft to the other, without stop- ^^^* l^* 

ping the hoisting, a narrow branch road should 

be cut through; she shaft pillar, and used for this purpose. Where the pitch of 
the seam prevents this, a road should be laid alongside the shaft, room to 
accommodate it being cut out of the rock, on the side most desirable. 




ARRANGEMENT OF TRACKS, ETC., AT HEADS OF 
SLOPES AND SHAFTS. 



The arrangement of the teacks on the surface naturally differs at every col- 
liery, owing to the different existing conditions. All surface roads should oe so 
arranged that the loaded cars can be moved with the least possible power, 
always looking out for the return of the empties, with as little expenditure of 
power as possible. To secure the running or the loaded cars from tne month of 



the shaft or slope by gravity, a slight ^de is necessary, the amount of which 
depends on the friction of tne cars, which varies greatly. Care should be taken 
that an excessive srrade is not constructed, or there will be trouble in returning 



the empties from the dump to the head of the shaft or slope. 

Where the conditions are such that the loaded cars can be run by gravity to 
the dump, a good plan is to have a short incline equipped with an endless 
chain, in the empty track. The empty cars can be run to the foot of this, 
hoisted by machinery to the top, and thus gain height enough to run them back 
to the shaft, or slope, bv gravity. 

At the I*hiladelphia & Keading Coal an* Iron Co.^s Ellangowan Colliery, 
where the tipple at the head of the breaker is above the level of the head of the 
shaft, the following plan is used: 

The loaded cars are taken off the east side of the cages, and run by gravity to 
the foot of an incline, where they are grasped by hooks on an endless chain and 
pulled up to the tipple. These hooks grasp one of the axles of the mine car. 
After bemg dumped, the car is run back from the tipple to the head of the 
incline, and is carried to the foot of the empty track of tne incline by endless 
chain. This foot of the empty track is several feet higher than that of the 
loaded track, and the cars are run by gravity around to the west side of the 
cages, and are put on from that side. The empty cars, as they run on the cage, 
have momentum enough to start the loaded car off the cage and on toward the 
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foot of the incline. There are a number of hooks attached to both the emp^ 
and loaded chain on the incline, and there are often aeveral loaded and aerenu 
empty cara on diffemt parts of the plane at once. This arrangement pomits 
of the hoisting of from 700 to 800 cara per dajont of a ahaft 110 yards de^ 
with single dedc cages. 

Another excellent arrangement for the handling of coal on the sorface is the 
invention of Mr. Robert lumaey. and has been adopted by the H. C. Frick Coke 
Co.,aDd a number of other prominent operatois. Adflecnptkmof thisairange- 
ment, as applied at the H. C. Frick Coke Co.^s Standard Shaft, is as foUows: 

The landing of the shaft ia made alighUy higher than the lerel of the tipple, 
which is north of the shaft. South of the ahaft ia k>cated a doable steam ram, 
one ram being directly inline with the track on each cage. Directly in ftant of 
theramsisatransfertruck, worked east and west by wire rope. Theloadedcar 
on the cage is run by grartty to the tipi^ where ft ia duBaped by means of a 
nicely balanced dnmpmg arrangemeot. As aooo as it is empty it rig^its itself, 
and runs by gravity aloMside of the shaft to the transfer truck, whkh cantos 
it up a grade to a point directly in Une with the cage that is at the landing, and 
one of the steam rama pushes It on the cage, and at the same time starts the 
loaded car off toward the tipple. lUa second loaded car is then returned by 
the same means to the opposite cage. The whole mechanism is operated bv one 
man, by means of conveniently arranged leven, each of which is automatically 
k>cked» except when the proper time to use it arrives. It is, therefore, ia^Masi- 
ble for the topman to work the wrong lerer, and put an empty car into tke 
wrong compartment of the shaft. BesKlea the one man at the levers, thete ia 
but one otkier manem^yed at the tifmle, and his work ia solely to look after 



the cars when dumptos. AU swHeaea are worked antomartfaliy, and the 
average hoisting at this Miaft is at the rate of three wacona per minutr. The 
shaft Is about 890 ft. deep, and sin^ deck cagea are useo. 

The Lehigh A Wilkes-Barre Coal Co. has a system in use at a nnmbcr of col- 
lieries that haa also proven very effective. In this system the loaded cara are 
ran by gravity from the cage to the dump, and the empties are hauled from the 
damp back to a transfer tiock, by a aystcm of endless rope haulage. Thetrana- 
fer track carriea it to a point oppoaite the back of the cage. Hm empty car nma 
by gravity to the cage, and ita momentum starts the loaded car, on the cage, on 
its way to the dump. This system n ecessi tates the eaftployment of more top- 
men, bat ia a very good one. At the KoCtingham shaft, whkh la 470 ft. from 
landing to landing, fiom MDto 120 can per hour aieholstfld on tingle deck cages. 
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THE FRICTION OF MINE CARS. 



The friction of mine cars Taries so much that it is impossible to gire a formula 
for calcnlating it in everj case. No two mine cars will show the same fric- 
tional resistance, when tested with a dynamometer, and therefore nothing bat 
an average friction can be dealt with. The construction of the car, the con- 
dition or the track and the lubrication are important factors in determining the 
amount of friction. 

In this connection we may, however, state some of the requisites of good oil 
box and journal beariugs. Tightness is a prerequisite, and in dry mines where 
the dust 18 very penetrating, this is especially important; the bearings should 
be sufficiently oroad; the oil box large enough to hold sufficient oil to run 
a month without renewal, and so constructed that, while it may be quickly and 
easily opened, it will not open by jarring, or by being accidently struck by a 
sprag or lump of coal. 

There are a number of patented self -oiling wheels that are improvements on 
the old style plain wheels, and each of these have undoubtedly some point of 
superiority over the old style. 

Among the most extensively nsed of these patent wheels are those with 
annular oil chambers and those with patent bushings. Their superiority con- 
sists in the fact that, if properly attended to, a well lubricated bearing is 
secured with greater regnlarity and less work than when the old style wheel 
was used. 

With a view of adopting a standard wheel, the Susquehanna Coal Co. experi- 
mented for a number of vears vdlb different styles of self -lubricating wheels, 
and has recently adoptea one of the followinsr description: The outer end of 
the hub is closed, and the wheel is fastened to the axle by a spring cotter-pin, 
passed throngh one of two plugged holes which are opposite each other. Dirt 
is prevented from entering the open end by a cap with raced end and packing- 
ring, fitting over the end of the hub. The lubricant is introduced into the <m1 
riiamber throng^ one of the plugged holes in the hub. When the wneel is in 
jnotioB the lubricant is thrown, by centrifugal force, away from the axle, enters 
two ports, and is carried, by spiral channeb, again into contact with the axle; 
the surplus oil being again carried back to the oil chamber. The lubrication is 
effected by oil adhering to and being swept back and forth along the axle in an 
open zigzas sliti when passing throush the ends of the oil channels away from 
the oil chamber, where the section and height of the channels are smallest, the 
back of the oil channel being conical, with the largest end out, and the radial 
height of the channel from the axle decreasing as it recedes from the oil cham- 
ber. This style of wheel was the outcome or months of experiments, and has 
been patented by Mr. J. H. Bowden, the inventor, who is chief engineer of the 
company. 

Mr. R. Van A. Norris, E.M., Assistant Engineer, made a series of 989 tests 
with old style wheels, some of which haa patent removable bushings, and 
others annular oil chambers, and the Bowden wheel. The old wheels were 
found to be practically alike in regard to friction. All of the wheels were of 
the loose outside type, 16 ins. in diameter, mounted on 2^ in. steel axles, with 
journals 5^ in. long. The axles passed loosely thronsh solid cast boxes, bolted 
to the bottom sills of the cars, and were not expected lo revolve. 

The table of friction tests sliows the results obtained with both old and new 
style wheels, and is of interest to all colliery managers, inasmuch as the figures 
^ given for the old style wheels alone, are the most complete in existence, and aa 
stated before they are good averages. 

Tests were made on the starting and running friction of each style of wheel, 
under the conditions of empty and loaded cars, level and grade track, curves 
and tangents. The instruments nsed were a Pennsylvania Bailroad spring 
dynamometer, graduated to 8,000 lbs. with a sliding recorder, a hydraulic 
gauge <not recording) reading to 10,000 lbs., graduated to 25 lbs. and a sprins 
balance, capacity 800 lbs., graduated to 8 lbs. All these were tested and found 
correct previous to the experiments. 

Most of the observatkms on single cars were made with the 300 lb. balance. 
The two types of *' old stvle ^* wheels have been classed together in the table. 
Each car was carefully oiled before testing, and several of each type were i " 
the results being averages from the number of trials shown in the table. 
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In the cnj)criment8 npon slow Biart and motion, the care wefe started very 
blowly by a block and tackle, and the reading was taken at the moment of 
starting. They were then kept just moving along the track for a considerable 
distance, and the average tractive force waa noted— the whole constituting one 
experiment. 

The track selected for these experiments was a perfectly straight and level 
. piece of 42 intf. gauge, about 200 ft. long, in rather better condition than the 
average mine-track. The cars were 4194 ins. gauge, ^ ft. wheel-baae, 10 ft. 
long, capacity about 85 cubic ft., with 6 in. toppmg. 

To ascertain the tractive force required at higher speeds, trips of 1, 4 and 90 
cars, both empty and loaded, were attached to a mine-locomotive and run ab<nit 
a mile for each test, the resistance at various points on the track, where its 
carve and grade were known, being noted, ana care being taken to run at % 
constant speed. Unfortunately, only four of the ** new style " cars were aviUl- 
able on the tracks where thebe trials were made. 

The remarkable low results for the twenty-car trips are attributed to varia- 
tions in the condition of the track, and the fact that the whole train was seldom 
palling directly on the locomotive, the cars movmg by jerks^ so that correct 
Observations were impracticable. The hydraulic gauge was used for these 
twenty-car testa, and the needle showed vibrations from one to four tons and 
back. The mean was Uken as nearly as possible. The gauge was rather too 
quickly sensitive for the work, and the Fcnnsylrania Railroad dynamometer 
was not strong enough to stand the starting jerks and the strain of accelera- 
ting speed. 

The tests marked '* rope-hanP* were made on an empty-car haulage ^stem, 
about SOO ft. long, with overhead endless rope running continuously at a speed 
of 180 ft. per minute, the cars being attached to the moving rope by a chain, a 
rinj; at the end of which was slipped over a pin on the sid^ of the car. The 
increase of friction on the heavier grades was due to the rope pulling at a 
greater angle across the car. Correction was not made for this angularity at the 
time, and the rope has since been re-arranged, so that the correction cannot 
now be made. 

There were not enough curve-experiments to permit the deduction of any 
general formula for the resistance or these cars on curves. 

The experiments on grade agree fairly well with those on a level, the rather 
bigger values obtained being probably due more to the greater effort required 
in moving them and the consequent jerkiness of the motion than to any real 
increase in resistance. As the experiments on all styles of wheels were made 
in an exactly similar manner, the comparative value of the results is believed to 
be nearly correct, the probable error In each set of experiments, as computed by 
the method of least squares, varying from about 4% for slow start and motion to 
^ for the rapid motion and twenty-car trips. 



INCREASE OF TEMPERATURE IN BEEP MINES. 

It has been generally accepted in the past that in mines the temperature 
increased !• Fahr. for about every 65 feet of depth. Recent observations, how- 
ever, prove that this does not hold good. In a bore hole at Schladebach, Ger- 
many, 5,690 ft. deep, the average increase in temperature was found to be 1" 
Fahr. for every 107 5 ft. In this bore hole, at a depth of 5,630 ft., almost the 
highest temperature observed in the interior of the earth, 134<* Fahr., was 
recorded. At a depth of from 4,158 to 5,680 ft. the temperature rose one degree 
for every 115*24 ft. in depth. 
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COLLIERY MACHINERY. 

Bt C. M. Pbrct, Mem. Inst. Hech. Eng., F. G. S., Wigan, Bng. 

HOW THI ARTIOLX CAXS TO BE WRITTEN. 

In the early part of the present year I, was asked by some friends, who are 
directors of a large colliery employing several thousand men and b^. to 
establish a School of Mines in connection with the colliery, at which omctals 
and workpeople conld add to their practical experience some theoretical knowl- 
edge. I commended and inangnrated the new School of Mines with an address 
on Ootti^rv Maekineru. I selected that as a subject becauseull my life I hare 
been closely identified with it, and for a quarter of a century have endeavored 
to give instruction in it. That address came under the notice of the publishers 
of this book and they wrote me suggesting an enlargement and rearrangement 
for the present purpose. They asked for an article which would explain -the 
principles of and describe colliery machinery, such as steam engines, pumps, 
air compressors, mechanical ventilators, hauling plant, safety macninery, steam 
boilers, etc. etc., prepared in such a way as to be of service to a minins student 
or an experienced mining foreman, and at the same time meet the reqmrements 
of a youth or a man who niight know nothing of colliery machinery till the 
article got into his hands. This suggestion almost reminded one of James 



Gordonl3ennett*s cablegram to H. M. Stanley, ^^Mnd JAvingttone,^* bnt I fear 
the result will not be so successful as the termination of that memorable 
incident. However, I quite agree that many of our Bngineering Treatises are 
of no avail to thousands of people thirsting for knowled^ becanse they are too 
learned. I will endeavor to oe plain and practical. 

I do not propose to make any attempt at dealing exhaustively with encb afar 
reaching subject ; to do so successfully would occupy not an article mer^y, but 
a treatise. Many such elaborate and folly illustrated treatises have been written, 
and may with advantage be stndied. I do propose to deal with the matter in a 
popular and easily understood manner so far as space will allow; to try and show 
the important part it plays and ought to play in mining operations ; and to refer 
more or less folly to one or two sections of the subject. 

IICFOBTANOI OW XACHIUBRT IN XINXNG OPERATIONS. 

Whatever skill may be expended in the opening out and the development of 
our coal mines, however safe the operations may be, without the powerf ol aid of 
machinery, mining instead of being one of the greatest of our national industries, 
providing occupauon directly for thousands of people, and being the mainstay 
of other mdastries, would be a mere i^ettifogging means of employment. 

We cannot fail to be impressed with the enormous strides which have been 
made during the present century. At its commencement we had a few shallow 
pits here and there, the coal was carried or dragged to the pit mouth by women 
and children, and on reaching the surface was conveyed across the country to 
rivers and seas on the backs of mules and ponies. But what do we see now? 
Gigantic winding engines, each of hundreds of horse power, manipulated by one 
man with the greatest ease, and raising tons of coal at each ioomey, with the 
speed of an express train ; powerful pumping engines capable of dealing with 
seas of water : nauling macninery connected with all parts of the mine, and 
conveying wjth ease and rapidity the whole of the output from the worldne 
places to the cage ; ventilating machinery passing through miles of nndergronna 
workings, enormous volumes of air, the like of which our forefathers never 
dreamt, and which they would not have believed possible. Upon our pit banks 
we have elaborate and effective appliances for weighing every pound of coal 
and for picking and cleaning and separating into any number of sizes. Then 
with our wonderful networs of railways, mtersecting and reintersecting the 
continent from north to south and east to west, bringing all our cities and towns 
and ports and villages into immediate communication, by means of onr marvel- 
ous steam horse, we distribute our hundreds of thousands of ^>ons of coal each 
day to places far distant, and within a short period of being actually worked in 
the mine. No part of the world has shown more progress in coal mining than 
America. A couple of generations ago it was a mere infant, now it is well devd- 
oped and will ultimately become a hercul»?an industry upon this continent. 
We introduce our subject in this way to prove at the outset, if proof be nee- 
essary. how important a position macbineiy occupies in colliery work, and to 
draw the moral that all managers and officials and workmen engaged in such work 
should know something of the various classes of colliery machinery and the 
principles upon which that machinery operates. 
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THS CHIEF MOTITX POWBB IB STBAH. 

Now, first of all we ask oorselves the qaestion : What is the almost universal 
power as now applied to colliery machinery ? And the answer is— steam. Ai- 
thongh we have oeen hearioe a good deal for twenty years, and are hearing 
a good deal now, to the efiect that steam has had its day and must soon 
stfmd aside, we are bold enough to predict that so long as any person now 
living Gontinnes to live we shall have for colliery work nothing else so cheap 
and efficient as steam. And what is this steam t George Stephenson^ the great 
railway pioneer, was not far wide of the mark when he said it was "a backet 
of water in a violent state of perspiration.'* Steam is water, which we can see, 
converted into an invisible gas, which we cannot see, and the conversion is 
effected by the wplication ofheat, which imparts expansive power and elastiei^ 
to the steam. The so called steam which we do see is merely a visible vi^r, 
something between steam and water. 

WHAT IS HBAT ? 

There is some difilcolty in explaining as clearly as we could wish what this 
heat is. It is, perhaps, not generally understood that all bodies, whether gases 
such as the air we breathe, or liquids such as the water we drink, or the 
massive bars and plates of iron and steel of which such structures as the Forth 
Bridge are constructed, are all made up of atoms so small that no microscope 
can make them visible. These atoms never touch each other, are constantly 
whirling round each other, and are held in combination by the enormous force 
of cohesion. Heat at one time was believed to be a substance which surrounded 
these atoms. That idea is now abandoned, and the accepted scientific theory 
is that heat is motion, more or less rapid, of these atoms round each other. 
Sensible heat is heat perceptible to the touch ; latent heat is heat no^ sensible to 



the touch but absorbed in changing a liquid Into a gas and giving to it elastic 
power. One unit of mechanicaiwork is equal to racing onenound weight one 
foot high. One unit of heat is equal to 772 units of work. One unit of heat 



is the amount of heat required to raise the temperature of water one degree Fahren- 
heit. 

WHAT 18 GOAL ? 

There the question arises, how do we obtain this heat by which steam is gener- 
ated ? and the answer is, by the burning of coal, a substance in which we are all 
specially interested, and the abundance of which has made England great. But 
what is cold, and how was it formed, and whence comes its great heat producing 
power ? Coal is a result of the primeval forests— the forests which existed 
a^ and ages ago, and the rays of the sun acting upon the trees of those forests 
dissociated the oxygen, which was freed to purify the atmosphere, and the 
carbon, which was sunply left. The numerous inundations and convulsions of 
early times which followed the early solidification of theearth^s surface, covered 
these deposits of carbon with earthly matter. And our deposits of coal are 
simply the accumulation of energy derived from the sun. we now, perhaps 
millions of years afterwards, bring this coal to the surface, and uniting it with 
oxygen from the atmosphere, the combination taking place at a sufllciently high 
temperature, we produce an amount of heat representing the energy which the 
sun exercised in effecting the separation. One pound of averse quality of coal 
possesses 12,000 units ofheat and therefore equals 12,000X7^=9,264,000 units 
of mechanical work. 

THB SUN THE eRBAT SOUBOB OV POWBB. 

We do not sufficiently realize the important influence of the sun upon me- 
chanical work. We have shown how our coal owes its power to the brilliant 
orb of day, but that is not nearly all. All the power of falling water, wheth» it 
be the gentle tributary or the roaring torrents of Niagara, is obtained from the 
same source. Under the sun*s influence there is a constant evaporation from the 
surfacesof our oceans and seas and lakes and this vapor rises into cloudland, and 
being condensed comes back in the form of rain. Mountainous districts are 
peculiarly wet, because the hills and ridees and mountains form condensing sur- 
face, una so give us the torrents of falling water which feed our streams and 
brooks and nvers. Then, again, the wind, which may be either the calm and 
gentle breeze, or the storms and hurricanes which sweep with terrific force over 
land and sea, attains all its power from the sun acting upon some portions of 
the earth^B surface at times more intensely than upon other parts, the atmos- 
phere is heated and rarefied, and passing away to make room for colder atr, the 
winds are producedt ^ t 
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■OW TO USB 8TBAH TO BEST ADVANTAeB. 

We have then arrived at this point— that etwm is our principal motive power 
in colliery work, and is simply water converted into sas by the action «^ IwA 
produced in the onmine of coal. What we have now to do is to show how that 
steam can be used to the beet advantage. When we make a calculation of the 
power which coal possesses, and compare it with the useful work which steam 
engines exert, we are startled to find that probably in the very best engines not 
one-tvnth ot the power is transmitted as useful work, and in some very bad engines 
probably not one-hundredth. There are many causes for this, some we can never 
remedy, because to do so we should have to work steam down to a temperature 
near upon 500° F. below freezing point, which is quite impossible even approxi- 
mately. There are other causes which can be removed, and which ought to be 
removed. We want good engines, good boilers, high pressure steam, expan- 
sive working, and condensing appliances. 

ADVANTAOES OF HIGH PBE86UBB STEAM. 

Why should we use high pressure steam f There are several quite simple and 
emphatic reasons. Wtiatever pressure we have available at the steam boiler a 
certain amount is absorbed in overcoming the resistances of the engine and 
without doing any useful work. Suppose our available steam pressure & 20 lbs., 
and 10 lbs. are so absorbed, that leaves us oiUy one-half ; but if we have 100 lbs 
available it would leave us nine-tenths. High pressure steam means fewer 
boilers and smaller engines, with foundations and nouses of less dimensions. 

Then again, the amount of work which it U possible to get out of a g*ven 
quantity of steam depends on the difference between the temperature at the com- 
mencement of the stroke and the temperature at the end of the stroke. 

Now there is a limit as to how low the temperature can be at the end, and as 
we raise the commencing temperature we enlarge the available difference. 

We may put the advantages of high pressure steam in this way. By taking a 
fixed temperature in the condenser of, say, 100° F., and Initial temperatures 
when the steam enters the cylinder, of varying amounts, the theoretic efficiency 
of that steam can be determined. 

Commencing with atmospheric pressure, we have an efficiency of 16*6 per cent. 



Lbs. Percent. 

10 aoo 

30 221 

30 23-7 

40 250 

50 261 

60 ^. 27-0 

80 7. 28-6 



I'bs, Per cent. 

100 39*8 

125 811 

150 822 

200 88-9 

250 85-3 

300 86-5 



When we speak of so many degrees F. or "V we mean so many degiees 
according to the thermometer of Fahrenheit. Then about this percentage. We 
can only get in practice with steam a certain proportion of the theoretic power 
and that proportion varies with the pressure of the steam. 

In early days we used steam at atmospheric pressure, the efficiency being 16*6 
per cent.; afterwards we had in compound engines or two cylinders, steam of 
60 lbs., the efficiency being 27 per cent. Now we have triple expansion engines, 
using steam at 150 lbs., the efficiency being 82*2 per cent. It will be observed 
that although the efficiency increases as the steam pressure increases, the amonnt 
of that increase is a diminishing quantity, and it becomes so small at and beyond 
150 lbs. pressure that probably any gain in efficiency is not a satisfactory set off 
to the additional expense of strengthening the parts of the engine. But then, 
how very few of our engines work nearly so hi^h as 150 lbs. pressure ? 

There is no class of steam engine which gives so much work from a given 
quantity of coal as the marine engine. We on land are wasteful, and at coUTeries 
especiafly wasteful, and throw coal under our boilers as if it were valueless ; but 
every ton of coal on board ship means a ton of cargo less, and every ton of coal 
saved means another ton of cargo carried. 

WHY USB STEAM BXFANSIVBLT? 

By this we mean that at a certain point of the stroke we shut off steam supply 
from the toiler to the cylinder, and the steam already within the cylinder per- 
forms the remainder of the stroke unaided. 

Now, suppose wc do not expand at all. Suppose we allow free admission of 
steam into the cylinder ail through the stroke : we dhall have at the end of the 
stroke pressure exactly similar to tiie pressure with which we commenced. Now 
we cannot work a seam of coal and still have the coal left ; we cannot get work 
out of steam and still have the work left in it, and so if our steam pressure is the 
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same at the end of the stroke as at the beginning, we simply discharge twice in 
each revelation a whole cylinder fall of steam which has done no work at all, 
and waste it Jast the same as if we had discharged it from the boiler withoat 
passing throagh the engine at all. Bat some one will say, work has been done 
npon the en'Hne whilst that steam wan in the cylinder. Trae—quite true, and 
the exDlanatton is that, whilst the steam is performing woi^ its heat and pressure 
most aiminish, and so long as the commanication with the boiler is open, fresh 
heat comes from the boiler into the cylinder to take its place, and at the end of the 
stroke we Lave expended heat represented by the capacity of two cylinders, and 
have performed work as represented by the capacity of one cylinder.. Now, 
suppose we close the commanication, and beyond a certain point of 1^ stroke 
allow no more steam to enter, we set an amonnt of work from the steam already 
in the cylinder, represented oy the diminishing pressure of the steam by ez- 
pausion. 

WHY USB OONDBNSINO AFFUANOBS 

We ha;Te said that condensing appliances are necessary ; what do we mean by 
this? 

The effective power of an engine does not depend npon, and is not measured 
by the pressure pushing the j^ston. We have always what we term a back 
pressure holding the pision back, and tlie real efEectlve pressure is evidently the 
difference between the two. Suppose we have a locomotive engine, or a winding 
engine, throwing exhaust into the open air. The back pressure cannot be less 
than the pressure of the open air, and indeed to overcome It, it must be some- 
thing more. But if we can discharge our exhaust into some vessel, from which 
atmospheric pressure and all other pressure has been removed, we know that 
atmospheric pressure amounts to about 15 lb., and the removal of that from the 
front of the piston is as good as adding 15 lb. behind. 

In this matter of condensing appliances, we have at collieries proipresaed back- 
wards. I do not know of any very modem winding engines, utilising the bene- 
fits of a vacuum, and am free to.confess that the cumbersome mechamsm which 
constitutes the condensing element in the older class of engines would be un- 
suitable, and further that the increasingly high pressure and mgh speed, together 
with low ratio of expansion, are not favorable to effective condensation. But 
greater difficulties than these have been overcome, and the object to be accom- 
plished is so important that all these difficulties ougM to be overcome, and iHU 
be overcome. 

WHAT IS A GOOD 8TBAM BOILER f 

The colliery boiler, which flnds much favor, and of which I have a very high 
opinion, is the Lancashire boiler. I mean the class of boiler which is S6 or 80 
feet long and 7 or 8 feet diameter and has two large flues running through. 
There is no doubt that the marine type will generate more steam with a given 
amount of coal, and consequently is gadning ground and will gain ground where 
coal is dear. But the Lancashhre boiler is a good steam generator, and will not 
only work longer without repairs, but is less troublesome and expensive to 
repair. The favorite construction some few years ago was wrought iron 
with doable riveted horizontal joints, and Qailoway tubes, [Galloway tubes 
are simplv taper tubes running across the flues in the boiler] and expansion 
weldless hoops strengthening the flues and allowing for expansion and con- 
traction. The dimensions were 7 ft. diameter, and from 88 to 80 ft.long, 
with internal flues each 8 ft. 9 in. diameter, the circular platea being about ^ 
in., and the end plates about % in. The safe working pressure was about 
60 lb. per square inch. Now the conditions are somewhat altered. Steel has 
taken the place of iron, givlnsincreased etrens;th, and allowed increased di- 
ameter and increased pressure. Ring plates also have abolished a great source of 
weakness in a boiler, namely, horizontal riveted joints. [By ring plates I do not 
mean jointless rings but rings with only one butt joint with planed edges.] 
Expansion hoops upon the flues remain as before, and Galloway tubes ; these 
latter increase the heating surface, improve the circulation, and compel the 
heated eases to act more npon the plates of the flues. A good Lancashire boiler 
now win measure 8 ft. in diameter, and 80 ft. long, with nng plates fi in. thick. 
Bnd plates probably ^ in., and will work very well at liM lb. pressure per square 
inch. 

In the matter of calculations as to horse power of steam boilers, it has long 
been to me a cause of considerable difficulty. My friend, Mr. Lavington 
Fletcher, an eminent authority and long identified in good work with the Man- 
chester, England, Steam Users* Association, said a Lancashire boiler measuring 
96 ft. by 7 ft. was capable of generating steam for 800 horse power. 
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Many of my friends consider that in qnoting this I was accepting an c^cr 
estimate. Another equally eniment authority upon steam boilers says we onirtit 
to reckon the horse power of a boiler by the quantity of water it wiu evaporate. • 
With a moderate good engine half a cubic foot of water, or about 801b., will de- 
velop one indicatM horse power per honr. With internally flzed boilers having 
the proportion between heating surface and grate area between the limits of 10 
and 16 to 1, the evaporative capacity may be taken at 1 cubic foot, from 18 
square feet of heating surface, or 9 square feet of heating surface per horse 
power. Well, now, a Lancashire boiler such as Mr. Lavington Fletcher de- 
scribed, would not have more than 900 square feet of heating surface, and, 
according to this rule, would onlv be equal to 100 horse power. A modem 
Lancashire boiler such as I have described will scarcely have more than 1,000 
square feet of heating surface, although measuring 80 ft. oy 8 ft., and, according 
to Mr. Wilson^s rule, [Robert Wilson on Steam Boilers] would not be equal to 
more than 111 horse power, being an increase of 11 per cent, in horse power, 
and probably 80 per cent in capacity. In another rule Mr. Wilson takes for 
Lancashire boilers 7 square feet of heating surface per horse power, Instead of 9, 
and so increases our figures to 180 and about 1^ But>I see an announcement by 
an eminent firm, who are no novices at boiler engineering, that three of their boil- 
ers, measuring each 80 ft. by 7 ft., are actually driving near upon 1.600 horee 
power, say, 500 each. Now, in the face of such contradictory statements as 
these and all from deservedly high authorities, who is to step in and decide f It 
does appear to me that if we compare Mr. Lavington Fletcher^s estimate of 200 
horse power for boilers working 60 lb., and measuring 28 ft by 7 ft. with the 
statement of fact that each boiler, measuring 80 ft by 8 ft., ana working at I 
suppose, about 190 lb., is actually working over 600 horse power, we shall find a 
similarity, and would be led to accept Mr. Lavington Fletcher*s estimate, and 
increase the horse power of Lancashire boilers on that estimate as the pressure 
increases, and also as the capacity increases. I cannot venture to suggest a 
hard and fast rule, but the above'conclaslon is at least as likely to be conect as 
the so called rules we have quoted. 

We must always remember in dealing with the horse power of boilers tiiatthe 
power of engine, which they will drive depends upon the engine. A good steam 
engine at high pressure, working compound, that is using we same steam soe- 
cessively in more than one cylinder, and condensing, ana expansively dischug- 
ing steam at a very low pressure, will generate very much more power with t£e 
same amount of steam, than an ordinary colliery engine which discharges its 
steam at a high pressure. A really good steam boiler will evaporate 10 pounds of 
water into steam with one pound of coal, and a good engine will generate con- 
tinuously one horse power for an hour with 20 pounds of steam. A good boiler 
measuring 28 ft. long and 7 ft diameter will evaporate 6,000 pounds of water 
in an hour and equal 800 horse power in a really good engine. A good 
boiler measuring 80 ft. long and 8 ft. diameter will evaporate 8,000 poundB of 
water in an hour and equal 400 horse power. 

The equipment of a good Lancashire boiler may be tak«i as follows : — ^To be 
fixed absolutely level on a seating of which nothing but firebrick or fireclay 
shall come in contact with plates ; flues so arranged that no heated gases can 
operate above water line-: gases to pass through the internal flues, then r^um 
under the boiler, then split along both sides of boiler and pass to chimney. 
Firegrates and firedoors with adjustable air grids, feed valve and feed pipe to 
prevent water leaking out of boiler and admit only hot water as spray, injecting 
upwards from horizontal pipe a little below water line. Steam junction ana 
horizontal steam pipe hifirh up in the boiler and pipe having no perforations 
except on upper side. Two safety valves— one dead weight, and one low•wa^ 
er ; two water-gauge glasses, one steam-gauge, one scum tiip and pipe ; one 
blow-off tap, two manholes ; expansion rings in the internal nues to allow for 
expansion and contraction. The needful dampers and covering to boiler ex- 
ternally. I have practically no faith in boiler compositions ; where they 
benefit the boiler I oelieve that they injure the cylinder and the valves. Every 
steam boiler should be cleaned as often as the accumulation of dirt may prove 
to be necessary, and all internal scurf and scale carefully removed. 

The advantagesofhieh-pressure steam are not yet sufficiently appreciated. 
It is not merely the difference between 60 lb. and 120 lb. Suppose we me 
steam at 60 lb. ; probably we shall get 50 lb. at engine, and resistances <^ «i- 
gine will absorb 10 lb. leaving 40 lb. Now suppose we use 120 lb., we can get 
at engine 110 lb., and if resistances of engine absorb 10 lb., we shall have 100 
lb. as against 40 lb. 

How do we arrive at safe working strength of a Lancas h ire boiler with ring 
seams and bteel plates ? ^ I 
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W6 BMume a ring one inehlon^. Good boiler-plate eteel ehonld have tensile 
fttrength of at least ao ton8=:d7,200 lb. per square Inch -h 6 for safe working 
BtrefM[th=ll,200 lb. Then suppose plates * In. thick— 11,200 X | X 2 = 14,000 
+96 in. the diameter of boiler= near upon 1461b. per square inch safe work- 
ing prestiure when new. If there were no ring plates and the horizontal seams 
were dooble-riveted we should deduct one-fourth, making safe working pres- 
sure 106 lb. We always calculate the strength of a boiler is tbe direodon of 
its diameter because, ueoretically, a boiler is twice as strong in the direction 
of length as direction of diameter. Many causes mi^ bring about boiler ex- 
plosions. First, bad materials : second, bad workmanship ; third, bad water, 
which eats away the plates by internal corrosion ; fourth, water lying upon 



plates, bringing about external corrosion ; fifth, over-pressure ; sixth, safety 
valves sticlung ; seventh, water getting too low : eighth, excessive firing ; ninth, 
hot gases acting on plates above water level ; tenth, chokine of feed pipes; 



eleventh, insufScient provision for expansion and contraction ; twelfth. In- 
sufficient steam room and too sudden a withdrawal of a large quantity of 
steam ; thirteenth, getting up steam, or knocking off a boiler too suddenly ; 
fourteenth, allowing wet ashes to lie in contact with plates. The probable 
causes suggest their several remedies. 

Before leavinff the subject of the steam boiler, I would wish to say that 
wherever possiole, and except tinder certain circumstances to be afterwards 
mentioned, steam engines should not be placed in the mine, and certainly 
steam boilers should be in all cases placed upon the surface. Steam injures the 
ventilation, increasing the temperature where already too high, doing injury 
and causlns inconvehieuce by condensation, and many fires in mines have 
been caused by underground boilers. 

WHAT IS ▲ eOOD STEAM XNGINE f 

It shonld be as direct-acting as possible ; that is, the connecting parte be- 
tween tbe piston and the crank shaft should be few in number, as each part 
wastes some power. Formerly beam engines were all the rage. They were 
well enouKh In their time for pumping, when the pump was at one end of the 
beam auothe piston at the other, and so our early steam engines Were all 
beam engines. There is a story told of an eminent Japanese who was resident 
for some time in England, and who was desirous of marrying an Englishwoman. 
He was un friendly terms with an Bnglish nobleman, to whom he put the 
question one day, " How did you obtain Lady -= — ^s consent to be yotir 
wife ? ^^ ** Well,*^ said my lord, ** do yon know that I proposed and was accept- 
ed under an umbrella ? ^* Our Japanese friend jumped to the conclusion that 
the umbrella was a necessarv part of the proceeding, and not long afterwards, 
meeting the mistress of his heart in the entrance hall of another acquaintance, 
hesnatched an umbrella from the stand, raised it over the astonished fair 
one^s head, and popped the question. Let us hope he was successful. Early 
steam engine makers considered beams as essential in engines as the Japanese 
thought umbrellas were in offers in marriage ; and, as a matter of fact, the one 
is about as essenttial as the other, and now both are usually dispensed with. 
Few of our modern cbllieiV engines have such an appendage, except in some 
instances for pumping, and even for that kind of work there are better engines 
without beams than with. The moving parts of an engine should be strong to 
resist strains, and light, so as to offer no undue resistance to motion, parts 
moving upon each otaer should be well and truly and smoothly finished to rednce 
resistanct 8 to a minimum, the steam should get into the cylinder easily at the 
proper time, and the exhaust should leave the cylinder as exactly and as easily. 
The steam pipes supplying steam should have an area one-tenth the combined 
areas of the cylindeisthey supply, and exhaust pipes should be somewhat 
larger. Thecylimlcr and the steam pipes and the boiler should be well pro- 
tected. The engine should be capable of being started and stopped and reverted 
easily and quickly. Tbe crank and connecting rod is a beautifully simple 
mechanism, generally applied to engines. It converts straight line motion 
into circular motion ; it exactly determines the length of the stroke : It effects 
an easy reversal of the movement of the piston twice in each revolution. The 
fly-whucl works with the crank and connecting rod, and is a needful adjunct. 
When a crank is .on what we term dead-centre twice in each revolution it pos- 
sesses no turning power at all, and when it is on mid-centre twice in each rev- 
olution it possesses full turning power. The result would be a rush and a jerk 
over mid'Centre and a sticking on dead-centre. The fiy-wheel comes to the 
rescue, and whilst it can add no power to an engine it can equalize that pow- 
er, taking some up when excessive, and giving it back when deficient, thus pro- 
ducing a uniform amount of turning power all though the revolution, wo 
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may liken its action to a banking account A man sometimes has more moo^ 
on hand than he wants ; he is then on mid-centre, and pnts the snrplns power 
in the bank. Then he gets on dead-centre, and wants a little tnrning power 
to help him over, and he draws it from the bank. 



THE 8TXAM BNOINB. 



To find the indicated horse power of a steam engine.— H. P. = I'wice the 
area of the piston in square inches, multiplied by the average pressure of steam 
per square inch in cylinder, multiplied by the number of reyolntione per min- 
ute, multiplied by the length of stroke in feet, and the product divided by 88,000. 



TABUS OF STSAM USKD BZPAN8ITBLT. 



Initial 


Average Pressure of Steam In lbs. per sq. In. for the whole stroke. 


Pressure 
in lbs. per. 


Portion of stroke at which steam Is cut off. 


sq.in. 


H 


% 


^ 


H 


H 


H 


5 


4-8 


4-6 


4-2 


3-7 


2-9 


1-9 


10 


9-6 


91 


8-4 


7-4 


6-9 


8-8 


15 


14-4 


13-7 


12-7 


11-1 


8-9 


6-7 


80 


19-2 


18-8 


16-9 


14-8 


11-9 


7-6 


35 


241 


22-9 


21-1 


18-6 


14-9 


9-6 


80 


28-9 


27-5 


25-4 


22-2 


17-9 


11-5 


86 


88-8 


82-1 


29-6 


26-9 


20-8 


18-4 


40 


87-6 


86-7 


83-8 


29-6 


28-8 


15-4 


45 


43-4 


41-8 


88-1 


38-3 


26-8 


17-8 


60 


48-2 


46-9 


42-8 


87-0 


29-8 


19-S 


60 


67*8 


561 


60-7 


44-6 


86-7 


28-1 


70 


67-4 


64-8 


69-2 


62-4 


«•? 


26-fl 


80 


77-1 


78-6 


67-7 


60-3 


47-7 


80-8 


90 


86-7 


82-6 


76-1 


66-7 


68-6 


84*6 


100 


96-8 


91-8 


84-6 


74-1 


69-6 


88-4 


110 


106-0 


101-0 


98-1 


81-6 


65-6 


42*5 


120 


115-2 


110-2 


101-5 


89-4 


71-5 


46-1 


180 


125-4 


119- 1 


110-0 


96-8 


77-5 


60-0 


140 


134-9 


128-6 


118-6 


108-8 


88-8 


68-8 


150 


144*7 


137-8 
147-0 


126-4 


111*2 


89-4 


67-7 


160 


168-6 


186-4 


118-2 


96-4 


61-6 


180 


178-7 


164-6 


152-8 


182-9 


107-8 


60-S 


200 


192-7 


188-7 


169-8 


148-8 


119-8 


76-9 



Let A s Area of piston in square inches. 

'* D = Diameter of piston in inches. 

** P = Average pressure of steam in lbs. per sq. in. in cylinder. 
• " 8 = Length of stroke in feet. 

" R = Number of revolutions per minute. 



Then, indicated H. P. = ■ 



2APR8 
88,000 



ExAXPLB.— Find the indicated Irarae power of an engine having a 10 in. 
cylinder, 3 ft. strolce, steam cut off at ^ running at a spe^ of 100 revolntioDS 
per minute, initial pressure or pressure at steam gauge being 45 9>s. Inthif 
case 

A = 78*54 sq. in., or area of circle 10^' diam. 
P =48-4 
R==100 
S s= 8 
i- X 78-64 X 43-4 X 100 X 8 

Then = indicated horse power. 

83,000 
8 X 78-64 X 48-4 X 100 X 8 =* 2,045,181-68 
2,046,181-62 ■+- 88,000 = 62 — H. P. 
This is approximately correct for high pressure engines. 
The actual horse ^wer wUl befrcm 6% to 16% legs than thit* 
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The only way In wbich the abaoltttely corrtet hone power of an engine can he 
3htained is hy the use of a dynamometer. For practical work, however, the 
ahove is dose enough. 

^* Nominal horsepower" Is fast becoming an ohsolete expression. It 
expresses no definite 8i2e. To describe an engine, give the diameter of cylinder 
and length of stroke. 

AIXl-COMPRBSSINO SN0INB8. 

The question of compressed air arises, and had better be dealt with at 6nce. 
In what we may consider its most modem and best arrangement, an air-com* 
pressing engine is a horizontal steam engine, with the piston rod prolonged 
backwards and an air cylinder placed behind the steam cylinder, with an air 
piston on the steam cylinder piston rod. Tbe air cylinder has at each end injet 
valves to admit air from the atmosphere, and outlet valves to allow air when 
compressed to pass from the air cylinder Into the receiver. The actual com- 
pression of air is very simple ; the inlet valves behind the piston open immediately 
the pinton commences to move, and fills, or allows to be lUted, the air cvlinder 
with air at atmospheric pressure, say, 15 lb. per square inchTU terms of absolute 
pressure. Upon the return stroke of the piston the inlet valves in front, close, 
and as the air \^ithin the cylinder cannot get away, the advancing piston com- 
presses it until the required pressure is reached, when the outlet valves open 
and the compressed air passes into the receiver, to be afterwards conveyed in 
pipes as may oe required. 

Experience lias shown that probably the most suitable pressure of compressed 
air for colliery purposes is 45 lb. per square inch ordinary, or in terms of abso- 
lute pressure, 60 lb. Now, if we could get as much power out of compressed 
air as is ^xerred in compressing it {minuSy of course, resistances of machinery, 
Ac.), we should have ready to our hands a safe and efllcient means of trans- 
mitting power. But we cannot— at any rate, we do not. Why ? In compressing 
air we generate and liberate heat— so much so that the air cylinder, if not sur- 
rounded with water, would become red-hot. The water absorbs some of the liber- 
ated heat, and heat being work, all heat thus absorbed is i>ower lost Then, 
again, this liberated heat acts upon the air which is being compressed, and has 
such an influence that air which, at the end of the piston stroke, in its com- 
pressed state should be, say, 2 cubic feet, is actually, at 00 lb. absolute press- 
ure, 8 cubic feet, which, however, on passing to receiver, becomes only 2 cubic 
feet. We have exerted power to compress Scubic feet and have only power in 
2 cubic feet ; and we have all the loss as represented by heat absorbed in water 
surrounding the cylinder. These are enormous losses, practical remedies for 
which have yet to be discovered. The principal remedies suggested so far are, 
first cold water spray, playing upon the air within the air cylinder during com- 
pression i-eecond, a wash of cola water on each side of the air piston. These 
are remedies in so far as they prevent the liberated and generated heat expanding 
the air, but they do not prevent the loss of the heat which they absorb. When 
we hear or read the term absolute temperature, it means ordinary temperature 
plus 460 because absolute zero is 460*' F. below ordinary zero. Absolute press- 
ure means ordinary pressure plus the atmosphere or 15 pounds. 

However expensive, there are cases in which compressed air is invaluable, and 
the following, points are worthy of attention. Air-compressing engines should 
work in couples at right angles ; stroke not less than twice the diameter of air 
cylinder; maximum pressure 60to 70 lb. per square inch absolute; speed of piston, 
250 ft. per minute : inlet and outlet valves which open and close easily and 
quickly and correctly ; receiver capacity the larger the oetter, close to air-com- 
pressing engines, and a minimum of ten times the capacity of air cylinder ; means 
at bottom of every receiver to allow discharge of water ; large and short exhaust 
passages in working cylinders to allow free discharge and prevent choking with 
Ice ; capacious pipes. These latter are very important, because friction of air 
increases as the square of the velocity and the efficiency of compressed air in 
passages and pipes is almost inversely as diameter. The clearance capacity at 
ends of air cylinder should be reduced to a miuimum. Air-compressors should 
have a sufficiently powerful, that is, massive, fly-wheel. 

Onr readers will have observed that whereas, at the air cylinder, when com- 

{iression is performed, the cylinder l>ecomes very not, and the water surrounding 
t will boif; at the hauling and pumping engine where the compressed air is 
Dsed, ice and snow will be formed. Tne one phenomenon explains the other. 
We drive out the heat by compression in the one case, and In the other case 
daring expansion, we want it back again, and, falling to get It, our temperatoze 
wH] fan even below freezing point. 
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An Important point where compressed air Is used should not be overlooked— 
that even in its conveyance the efficiency is diminished practicallv as the di* 
ameter is diminished, which means, of coarse, that onr pipes shonla be as large 
as conveniently practicable, with commodious receivers adjoining the air-oom* 
pressors, and each engine driven by compressed air. 

We can all easily understand that in a long range of piped, especially if smaU 
there is a very great amount of friction, especially If, as it must do in small 
pipes, the air travels very qnickly. But with plenty of poi/^er at the aii^com- 
pressing enjgines and good sized pipes so that the air does not need to travel 
very quickly we can retain a good pressure. There were pipes in the Mount 
Cenis Tunnel over a mile long and 7|^ inches diameter and the pressure ooly 
fell from 86 to 83 pounds. 

PUMPING MACHDTEBT* 

We are not all agreed as to whether our forefathers were right with regard to 
Comishpumping engines, or whether our more modem engmeers are correct 
in applying so extensively the underground steam pump. No doubt for deal- 
ing with very great l^uantities of water, and witnout fear of drowning the 
pump, the Cornish arrangement, with massive beam, answers well enougl^ but 
In our opinion, it is at best a cumbersome structure, requiring massive ^unda- 
tions, occupies an inconvenient position, and is liable to serious mishaps. A 
much more effective form of pumping engine, even to be placed upon the sur- 
face, is the compound condensing difTerential engine of Davev, which does not 
stand towering above the pit shaft, does not require massive foundations, has a 
double range of pump rods with pump attached to each, exercising doable 
action, and naving a beautiful valve arrangement, which, should the pump 
make a mis-stroke, and the engine thereby incline to run away, reverses the 
eneine and puts the steam In front until the engine resumes its normal speed. 
This pumping engine can either be placed upon the surface and connected with 
• the pumps by means of long ranges of rods, or it can be placed undersrouiid, 
and so dispense with rods. An underground pumping engine of similar di- 
mensions will do more work than a pumping engine placed upon the surface. *1 
would like to try and make plain here wnat is meant by the term suction, on 
which all pumps so much depend. For many centuries before the Christian 
era pumps were used, although probably those who used them did not know 
why water rose to a pump. They said it was because nature abhorred a 
vacuum. But why did nature abhor a vacuum ? 

In the middle ages Torricelli, an eminent Italian philosopher, and pupil of a 
still more eminent philosopher, Galileo, was consulted about a pump in one of the 
royal gardens, to which the water refused to rise. Torricelli found that tbe 
height from the water to the pump was greater Vnaxi in any previous case, and 
the idea occurred to him that nature^s abhorrence to a vacuum simply meant the 

f pressure of the atmosphere caused by the weight of the ocean of air surround- 
ng the earth. If that were so, the height to which water or any other liqaid 
would rise under the influence of that pressure would be less upon the top of 
a mountain than at the foot^because as we ascend the height, the weight of 
air above us becomes less. Torricelli constructed the barometer and made his 
experiments, and to his delight found that the mercury in the barometer stood 
higher at the foot of the mountain than at the top, showing that the sole in- 
fluence under which water ro^e to a pump was atmospheric pressure, and tbe 
height to which it would rise was directly as the amount of that pressnre. He 
lowered the pump in the well of the Royal gardens, and it worked all ri;:ht. 

What we now Know is that the pressure of the atmosphere at the surface of 
the earth is about 15 lb. per square inch— that is, the same pressure as a vertical 
column of water 84 ft. high— and if we could exhaust all ine air from a long 
range of pipes, water under atmospheric pressure would rise in the pipes to a 
heieht of^84f t. *- *- *~ 

we place our pump in a certain position, and the suction pipes dip down 
into the water. We pump the air out of these pipes, and the water rises ; not 
to a height of 84 ft., because whatever we do we cannot get all the air out, hot 
the water rises something less than 84 ft. In practice it is well so to fix our pump 
that the maximun height of suction will not exceed 21 ft., and the nearer tbe 
pnmn is to the water, the better it will work. 

Whilst generally against steam In mines, I am very partial to steam pumps at 
the bottom of shafts, and my idea of a good pumping plant is a pHir of direct 
double-acting vertical or horizontal engines suppllea with condensers and bar- 
ing a fly-wheel motion. Long pump rods are dispensed with and a comDa^ 
atively small pumping arrangement, occupying little space, can do a great oeal 
of work. 
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Sappose we had a pair of sacli pamping engines with 20 in. cylindera and 10 
In. pumps, rnnnlns 200 ft. a minate, and having available average effective 
ateam preesare, with or without vacnnm, of 50 lb. per square inch. jBow much 
water would they raise per hour, and to what vertical height ? 

First, as to quantitv. The area of 10 in. diameter, 10 X 10 X '7864 = 78| 
square inches, we take 876 cubic inches of water as representing one gallon. 
78^ X 18 = 948 cubic inches in each foot of pump X 800 = 188,40) cubic inches 
per minute X 60 = 11,804,000 cubic inches in an hoar -f- 876 = 40,956 gallons an 
hour— 6 per cent, for slip of pump, leaves 88,908 gallons for each pump x 8 = 
77,816 gallons an hour for the pair. 

Secondly, as to height. We take 15 lb. per square inch as equal to 84 ft. ver- 
tical of water column. The piston is 80 in. diameter = 80 X 90 X '7854 = 814 
square inches area. The average effective pressure of steam is 50 lb. 814 X 50 
= 16,700 lb. total pressure upon piston, and consequently upon pump. Now 
this total pressure, 15.700 h- area of pomp, 781- = 800 lb. per square inch upon 
the pump. Then, 800 X 84 = 6,800 + 15 = 458 ft., the theoretic vertical height, 
from which in practice we shall do well to deduct one-third for resistances, 
leaving 808 ft. lift and 77,816 gallons of water per hour. 

Now let us reverse the problem and proceed. Suppose we want to raise 
50,000 gallons of water in an hour from a vertical depth of 600 ft with a 
pair of direct double-acting steam pumps with available average steam press- 
ure effective of 40 lb. per square inch, the pumps to work 800 ft. per mmute, 
find size of pumps and of pistons. 

First, the size of pumps. 60,000 gallons an hour X 276 = 13,800,000 cubic 
inches, -h 60 = 880,0(K) cubic inches per minute, -«- 800 = 1,150 cubic inches per 
foot of pump. -f- 18 3= 96 square inches area of both pumps -f- 8 = 48 square 
inches area oreach. And the square root of (48 + -7854) = 7|, say 8 in. diameter 
of pump. This assumption of 8 in. will make an allowance for slip of pump. 

Secondly, as to size of piston. The area of 8 in diameter is 50'865. what is 
the pressure per square inch of 600 ft. vertical water column t 600 X 15 = 
9,000 -4- 84 =864 lb. per square inch X 50*865=13.870 lb. total pressure on pump. 
The averase effective pressure of steam is 40 lb. per square inch. Therefore 
18,270 -4-40 = 838 square inches theoretic air of piston, to which in practice we 
should add one-half for resistances. 338 -f- 166 = 498 square inches area of 
piston. The square root of (496 -*- '7864) = 25^ in. diameter of each piston and 
8 in. diameter of each pump. It will be observed that having ascertained the 
theoretic pou er to do a given amount of work we add one-half for resistances, 
whereas when we determine the amount of work which an engine of given 
dimensions will perform we deduct one-third from its theoretic power, ^his 
is quiie right ana is explained very simply. Two pitta one-half Is three, and 
three minus one-third is two. Wherever we speak of average effective pressure 
of bteam we mean that we deduct the average back or exhaust pressure from 
the average steam or forward pressure. We may roughly take the average 
effoctive pressure as two-thirds of the pressure shown upon the gauge close to 
the engine. 

Either one of a pair of pumping engines should be equal, detached, to all the 
work to be done, and there should be lodge room for all the water that will be 
made in a week. The pump speed should not exceed 800 ft. per minute. 

Pipes should be at least as large as the pump. Pipes are nearly always made 
tro thick. They should be cast vertically so as to produce uniform thickness, 
and if BO a pipe 12 in. diameter andf in. thick will safely work at a pressure of 
\iVi lb. per square inch, being equal to 630ft. of vertical water-column. Pipes 
dt cr«-ase in strength as diameter increases, and the strength increases with the 
thicknet>s. Some allowance will have to be made for stability of pipe and 
wear and tear, otherwibc for low pressures our rule would only provide a very 
iragilestmcture. 

Air vessels at the bottom of delivery pipes are of much service for broking 
the shock and forming an air-cushion on the reversal of stroke, especially in 
fingle-acting pumps. When the suction pipes run inclined or horizontal for 
any consideraole distance, air vessels are found effective upon suction ranges. 

Pump valves are of many kinds ; in open lifts in pit-shafts we use frequently 
"flap" or "hinge" or ^* butterfly" clacks. They answer fairly well for 
water not clean, and are easily renewed. For low lifts and moderate lifts we 
can use with advantage india-rubber " disc " valves. For small pumps we 
generally have "single beat" valves, similar to those in use for safety valves 
of the lever type. The best valve is the Cornish valve or " double beat " or 
" equilibrium " valve, which opens easily and for a small lift affords a consider- 
able opening. The pumps themselves may be either buckets, witb clacks within 
them, solid rams or plungers, or pistons, 
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The exhaust steam from pumps in mines may he, and in, very effectually 
prevented heing a nuisance oy heing turned into the suction pipes. For effective 
condensation we require from 35 to 30 pounds of condensing water for each 
pound of exhaust. 

It may he useful in calculations as to pumps and pipes to mention the quan- 
tity of water in a lineal foot of pipes of different sizes, and the quantity of 
water which pumps of those sizes will deliver per lineal foot. 



1 inch diameter 


OaUons. 
0*084 


9 




0136 


10 


8 *^ 


30 


11 


g *t 


0-54 

0*85 


12 
15 


tr ** 


1-23 

1-67 


18 
91 


8 " 


218 


24 



9 inches diameter 2*76 

8-4 

418 

" 50 

7-68 

11-0 

" 150 

19-66 



Perhaps it will he no work to put these figures approximately, also in more 
easily understood form : 

1 inch, ^ of a gallon. 

2 " " ' 
8 " 

4 " 

5 *• 

6 '* lyi gallons. 

7 " 1^ 

8 " 2i 

10 pounds of water equals 1 gallon. 

276 cubic inches of water equals 1 gallon. 

1 cubic foot of water equals 6J4 gallons. 

1 cubic foot of water weighs 6^ pounds. 

1 cubic inch of water at atmospheric pressure will evaporate into 1,644 cubic 
inches of steam at the same pressure. 

The rule is, area of pipe or pump in square inches X 12 and -h 276 = galloDt 
of water per lineal foot. A deduction of 5 per cent, should be made for slip of 
pump. 

THE SIPHON. 

In close alliance with the pump is the siphon, which is an appliance needinf 
no mechanical power, and which cannot raise water from ai«wer level ana 

f)lace it permanently upon a higher level, hut can remove water from a higher 
evel to a lower level, and pass it in transit over ground higher than either. 
It is In its simplest form a bent tube with legs of dilierent length and looking 
down. 

We cannot here deal with the principle of the siphon [except to say that the 
same atmospheric pressure which forces water up the suction pipe or a pump, 
forces water up the shorter leg of the siphon] ; we can with its application. 
The level of delivery must be lower than level of entry. The highest poiik 
of siphon must not in theory reach 34 ft. above level of feed; in practice 81 ft. 
is a good deal, and the less the vertical height the better it will work. The 
siphon should be as free from bends and crooks and turns as possible, 
otnerwise air will lodge. . The pipes and Joints must be tight. There must be 
a branch at the highest point to allow exit of air, and for charging with water. 
There should be a tap at delivery end and a self-acting clack at the feed end. 

Now, as to flow of water from a siphon, theoretically. I assume in practice 
the maximum effective height to which water will rise in a siphon to be 21 ft. 
That determines the maximum effective fall, from which we can calculate the 
theoretic outflow of water. The effective fall will always be the vertical depth 
of delivery below the feed, provided that the depth and the vertical height, 
highest point of siphon above the feed, do not exceed 81 feet When they do, 
the effeotive fall will be the difference between vertical heisht of the highest 
point above the feed and 21 feet. Having the effective fan, the velocity and 
quantity of water are not difllcult to calculate. Take the effective fall in feet 
X 64; the square root of result is velocity of water in feet per second, theoreti* 
cally, with which the water will flow out; in oractice it will be something lesa 
Suppose we have a siphon 2 in. diameter = 8'1416 square inches area, and an 
effectual f »U Qf 10 ft, 10 X 64 s 940, the square root of which la 85 ft per 
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■eoond X 8*1416 = 78*6400 X 12 = 948-6800 cable inches of water per flecond -i- 
276 = 8*4 galloDB per second X 60 = 804*0 gallons p«r minute X 60 = 12^240*0 
gallons of water per hoar. 

The role and calculation as made above are purely theoretic, and make no 
allowance for friction, which depends upon length and diameter of siphon. 
It is evident that in practice a good deal will depend upon length and diameter, 
and a yerv eminent authority, Mr. Hawksley, has laid down the rule that the 
effective rail in feet divided by length of siphon in feet, the result multiplied 
by diameter of siphon in feet; the square root of all this multiplied by 48 will 
give us the velocity in feet per second, with which in practice water will flow 
out of a siphon. Having the velocity in feet per secona, and knowing the area 
of the ^phon, we can determine the quantity in gallons, as shown in the imme- 
diately preceding calcalation. 

We ought, perhaps, to have explained that if we take the height, the vertical 
height through which water or anything else falls and multiply oy 64, which is 
twice the force of gravitation, the square root of the result will give us the 
velocity in feet per second at the bottom. 

HTDBAULIO BNOIHBB. 

These are now used at some collieries; they raise water by means of water 
power, and pump back the power water also. They are of great service in dip 
workings for raising water from these workings into the sump with which the 
main pumpincf engine is connected. We connect the hydraulic engines with 
the pipes of the main pump, and so get a very high pressure, which enables a 
comparatively small amount of water to pump a considerable quantity out of 
dip workings and to pump the power water also, thus avoiding the nuisance 
and inconvenience or steam 

HAUUNG ARRANGBMBMTS. 

It is of the highest importance that for efficient and economical working a 
collierv should nave a good system of haulage. Those mines which are formed 
like a basin, with the pit shaft at the center, and the descent sufficient to work 
by gravitation, leave nothing to be desired, and their owners and managers need 
no advice: they have our congratulations. But most mines are not so; they 
are irregular in their gradients, and require mechanical power to draw loaded 
tubs out and to draw empty tubs in. We say mechanical power, because it is a 
very poor arrangement or machinery which Is not very much more effective in 
haulaJBre than animals or men. 

What kind of mechanical power shall we have f I say, unhesitatingly, steam. 
There is nothing, as yet, so cheap— nothing, as yet, so effective. 

Friction is the great resistance, except in cases where we have a severe incli- 
nation from the pit, and it will not be out of place here to explain what we 
mean by friction. It is the resistance which one surface offers to another pass- 
ing over it, and, in the case of liquids like water, and gases such as steam and 
air, increases with the amount of surface and increases also with the square of 
the velocity. With solid bodies it depends upon the weight and the distance trav- 
ersed. To lessen the friction of tubs we should haye axles as small as is con- 
sistent vdth safety, with journals as round and smooth as they can be made; 
wheels as large and as round as convenience and construction will allow. The 
friction of the ropes can be reduced by having them strong and light; also, by 
having a sufficient number, or, in other words, an abundance of well made and 
easy working rollers and pulleys. We prefer these of cast steel, as they are 
better made, lighter, stronger, and wear almost for ever. Hauling ropes should 
onnoacconntbeallowedtorun'onthefloororroof or sides of the mine; the fric- 
tion thus occasioned is enormous, and the wear upon the ropes themselves very 
great indeed. 

Where shall we place our steam engines f T, of course, advise on the Sur- 
face. It is a good many years now since I expressed my individual opinion in 
favor of placing hauling engines upon the surface, and am more than pleased 
now to know that public mining opinion is growing fast in that direction. One 
difficulty formerly raised was that for deep mines, say 700 and 800 yards deep, 
the weight of the rope hanging in the pit shaft would be so enormous that such 
we^ht alone would be a very heavy load and almost as much as the rope would 
bear, and thus leave no strength for the actual haulagv. But the material of 
which ropes are now made is so much improved that we have an enormous 
strength without necessarily having a heavy rope. Take a rope of plough steeL 
1 in. diameter, and weighing 4 9). a yard, 800 yards long would not weigh 1^ 
tODS} an4 tb« breaking stram would b« 40 tons. GooqIc 
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Tben, what meOied of haulage should be adopted ? I strongly advocate tbe 
endless rope. It can be taken practically anywhere, round curves, along the 
level, up or down gradients, and can work any number of branches together or 
Feparately. It envies a comparatively slow motion and ensures continuons 
delivery of loaded tubs at the pit bottom and empty tubs in the workings. We 
can have any speed-^ne mile, two miles, three miles an hour; the engine piston 
speed should oe 250 ft. per minute, and between the engine and the driv- 
ing pnlley we must have the needful spur gearing. The rope may be at side of 
tubs, or over the tubs, or under the tubs; the latter is probably the most effi- 
cient, as we can more easily, by means of vertical rollers between the rails, 
adapt the rope to any curve. Taking the wheels as about 10 to 12 in. and the 
axles 1 in. to 1^ in. and an average road, I allow for friction ^ of the entire 
weight of rope, tubs and coal. If the wheels are larger the friction will be less; 
if the axles are larger the friction will be greater. On a level road this friction 
is the entire load; on a gradient falling to the pit bottom we have the tubs and 
coal, divided by gradient, in favor of load and deducted from friction. If the 
load of tube and coal be 10 tons and gradient falling 1 in 10, then 10 h- 10 = 1 
ton to be deducted from the friction. If the gradient falls from pit bottom we 
have a proportionate amount to add to friction. It may be asked. What about 
the allowance for machinery resii^tances and passing round curves ? I cover all 
this by simply adding one-half to the power which would otherwise be required. 
The American continent is ahead of Europe in the matter of hauling enslnes. 
I sent out to the Intercolonial Coal Mining Company, of Montreal and Nova 
Scotia, some years apo, a pair of powerful compound hauling engines which 
are now working, and workinsr well, with an initial steam pressure of 150 lbs. 
per square inch, and expanding, if I remember rightly, nine times. 

The various systems of haulage are: 

Self-acting gradients, in which the roadways have a sufficient downward 
inclination out to need no power. 

Dh'ect haulage, in which the downward inclination is in, and sufficient for 
empty tubs to run in without power. 

Tail-rope katUage, where we have an irregular gradient and require one 
rope to pull empty tubs in and another rope to pull loaded tubs out. 

The endless system of haulage, in which we have a continuous rope or chain 
upon a double line of road, and loaded tubs are always coming out on one road 
and empty tubs are always going in on the other road. 

Probably one example will show with sufficient clearness the manner in which 
we work out the resistances with which an endless rope system of haulage has 
to deal. The system is ene mile in length; the rope, which travels one mile per 
hour, weighs 4 Ib's, per yard, and delivers 50 tons of coal per hour, in tubs which 
weigh each, when empty, 8 cwt., and carry each 10 cwt. The average gradient 
falls from the pit bottom 1 in 10. We want to know : 

1. The totid resistance upon the system. 

8. The size of cylinder to overcome such resistance, average effective pressure 
of steam 40 lbs. per square inch, and piston speed 250 ft. per minute. , 

8. The actual horse power. 

The system being one mile long, and quantity delivered being 50 tons an 
hour, we shall have 50 tons of coal upon the rope at one time, which means 100 
loaded and 100 euiptv tubs. Coal weighs 60 X 2,240 = 112,000 lbs. ; tubs weigli 
200 X 8 X 112 = 67,200 lbs.; rope weighs 8.520 X 4 = 14,060 lbs.: making a total 
of 193,280 B>tf. Then, 193,280 -i- 28 = 6.900 lbs. of friction. The descending tubs 
and rope will balance ascending tubs and rope. We have 50 tons x 2,240 = 
112,000 lbs. of coal rising 1 in 10; and 112,000 h- 10 = 11,200 lbs., which added 
to 6,900 lbs. gives a total of 18,100 lbs., to which add one-half, or 0,050 lbs. for 
resistances of engine, machinery, etc., and we have 27,150 lbs. as total resistance 
of haulage. The rope travels one mile = 5,280 ft. per hour -t- 60 = 88 ft. per 
minute. The piston travels 250 ft. per minute. Therefore 27.1.*)0 X 88 = 
2,889,200 -4- 250 = 9,556 8 lbs. pressure required upon the piston, and 9,566*8 -s- 40 
Ids. steam pressure = 239 square inches very nearly; and the square root of 
(238 -♦- '7854) =: about ITIig in. diameter of cyhnder. Wow, lastly, for the actual 
horse power. 289 X 40 = 9,5568 X 250 = 2,389,200 ■+- 33,000 = 724 hOT>e power. 
If we make our engine 3 ft. stroke = 41^ revolutions per minute, and if we 
make the driving pulley 4 ft. diameter = 7 revolutions per minute, the gearing 
wiU be 6 to 1. Xl must not be supposed that I am condemning all sysiems or 
haulage except the endless rope. I am well aware, from personal observation, 
of the excellent arrangement of tail rope, but, after due consideratioaauLd allow^ 
ance, I prefer the eiidJesd rope. ^^ . 
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WINDING XACHINBRT. 

Now we pa«s oat of the mine; aod, coming back to the surface, wc deal with 
winding machinery. For winding engines I prefer a pair of horizontal direct- 
acting engines, either one separately capable of raising the load. The stroke 
should be twice the diameter of the cylinder; up to 80 in. diameter probably 
slide valves will answer well enon|(h ; beyond that, I prefer Cornish yaiveii. In 
myopinion back piston rods are neither desirable nor usefnl. The most efficient 
brake is, as I think, the *^Bums" brake, applied underneath, and allowing a 
leverage of SOO to 1. The diameter of winding drum depends very much on the 
size of the engines, and may be anything between 10 ft. and 80 ft The parallel 
dram answers well enough, provided we have a balance rope, otherwise it may 
mean engines double th<) size that would otherwise suffice. 

It is not difficult to understand that with an ordinary parallel dmm we can- 
not have a uniform load because the ascending load is always dindnishing by- 
reason of the ascending rope coiling on the drum, and the descending load » 
always increasing by reason of the aef>cending rope coiling off the dmm. This 
we remedy by attaching a tail-rope under the cages, the rope hanging in the 
pit and one end 4ittached to each cage. Or we may have a properly propor- 
tioned spiral dmm. The Koepe system of winding dimenses with winding 
dmms and subctitates a pulley, with one winding rope and an end holding each 
ca^ and a tail-rope under tke cages. I con«Mer the Koepe arrangement an 
excellent one, and enables smaller engines to do the work. The winding rope 
always runs in one line and upon one circumference, and the load is umform 
throughout the winding. 

The proper distance from headgear pulley to dram depends largely npon nze 
of drum and depth of pit. I have found that with 400 yards pit and 15 ft. drum, 
90 ft. gives good results. There is an interesting problem which may be 
worked arithmetically to determine a winding drum which shall put a uniform 
sta'ical load npon the engine* Call loaded cage at bottom A, empty cage at 
top B, loaded cage at top C, empty cage at bottom D; to have a unform load A 
— B must equal C — D. 

Let us take an example: 

Loaded cage at bottom = 2 tons rope^ 2^ tons cage, 8 tons tubs and ooal s 7 
tons. 

Empty cage at top = 2 tons cage, 1 ton tubs = 8 tons. 

Loaded cage at top = 2 tons cage, 8 tons tubs and coal = 5 tons. 

Empty cage at bottom, 2 tons rope, 2 tons cage. 1 ton tubs = 6 tons. 

Call large diameter of drum 80 ft. and call small diameter x ; find x : 

A — B = C — D. 

7Xaj^8X80 = 5x30— 5Xa;. 

7a; — 90= 150 — 5 aj. 

12 a; =3 240. 

OJ = 20 ft. 

Now substitute 20 for «, and see how it works out. 

7X20 — 8X30 = 5 = 80 — 6 X20. 

140 — 90=160—100. 

50=50. 

Maximum diameter, 80; minimum diameter, 20. 

I have said nothing as to vertical drums for fiat winding ropes, simply because 
in my opinion there should be no flat winding ropes. We liave shown that the 
uniform net moment of load in foot-tons upon our winding engines in this par- 
ticular example is 50 in terms of diameter, or 25 in terms of radius or x 3*1416 
= 78*64 in terms of semi-circumference, and X 2,240 = 176,158*6 in foot-pounds. 
Now, what size should our engines be that an engine of a pair should be equal 
to that load ? Suppose we have our average effective steam pressure of 60 lbs. 
per square inch on the pieton, then 176,153-6 -^- 60 = 2,936, which repreeents in 
theory the area of piston in square inches x leneth of stroke in feet. But in 

Fractice we must add one-half for general resistances, and s;,9:i6 -I- 1,468 — 4,404. 
am not quite able to put in a sufficiently simple arithmetical rule to deter- 
mine the respective proportions in this 4,404 of (iston areaand length of stroke; 
but we may assume any length of stroke we please, always aiming to make 
stroke equal twice diameter of cylinder. In tnis case we will assume 6}^ ft. 
stroke and 4,404 -»- 5}^ = 801 square inches. area, and square root (801 -h -7854) 
a- very nearly 32 in. diameter of cylinder. We may, therefore, now lay down 
the following rule that the net load in foot-tons on the drum in terms of radms 
X 3*1416 X 2,240 will equal average effective pessurein pounds per «auare inch 
on the piston X area of piston in square inches, with one-half added for fric- 
tional resistances x length of piston stroke in feet. Agood pair of winding 
engines sboul<l b« capable of making an average piston speed of ^ f t. p^ 
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minnte; the Bteam pipes eapplyine the en^es should have an area one-tenth 
the area of both cylinders combined* and: the exhaust pipes slightly lareer. 
Since I wrote upon winding appliances several years ago, practically no doTelop- 



ment has been made with the Koepe system. Nor has anything; much been done 
in applTing condensers to winding en^nes. With cheap f aelit matters not so 
mndi, bat oetter times and higher pnces are coming in the coal trade, and the 
fuel which could be saved by applying condensers to winding engines will be 
worth serious consideration. 

I have received a good deal of criticism as having allowed too much power in 
winding engines. Well, I still hold that we should always have a pair of 
engines, and each one engine of the pair should be equal to the work. To get 
up speed in a few seconds we want more power than would be represented l>y 
the load to be lifted. I offer here a simple practical rule. In a properly bal- 
anced winding arrangement, with uniform load, multiply the weinit of coal in 
pounds by the average speed of the cage In feet per minnte; add one-half to 
cover the f rictional resistances, and call that the load. Then the power which 
must equal this must be tiie aver^ effective pressure of steam in pounds per 
square inch upon the piston, multiplied by the area of one cylinder in square 
inches, and mnltiplied again by the average speed of the piston in feet per 
minnte. 

Approximately the average effective'pressure of steam will be two-thirds of 
the pressure shown upon the gauge near the engines. 

Another equally simple and equally practical rule would be to take in the one 
case not the average speed of the cage, but the average circumference of the 
drum in feet; and m the other case not the average speed of the piston, but 
twice the length of the stroke in feet. ' 

What we call an efficient brake is one which will hold without fear of ranning 
away with the ci^ and load in any position- 
To find the aetnal horse power of an engine for hoisting any load omt of a 
shaft at a given rate of speed.— To the weight of the loaded wagon add the 
weight of the rope and cage. This will give the gross weight, 
gross weight in lbs. 

Then H. P. = X speed in feet per minute, and add from 

88,000 
25 to 50^ for contingencies, friction, etc. 

BxAMPLB.-:-Having a shaft 600 ft. deep, gross weight of load 20,000 lbs., to be 
hoisted in IV^ minutes, what horse power is required f 
20,000 

H. P. = X 400 (or speed in feet per minute) = 248 H. P., nearly. To 

88,000 
which add Wi for contingencies, and we have 828 H. P. 

In a shaft with two hoistways n»e the net weight -|- the weight of one rope, 
instead of the gross weight. 

The following rules regarding winding engines will be found of great practi- 
cal value : 

(1.) To Had the load which a given pair of eagtnes will start.— Multiply the 
area of one cylinder by the average pressure of the steam per square inch in the 
cylinder, and twice the lensth of the stroke. Divide this by the circumference 
of the drum, and deduct ^for friction, etc. 

ExAMPLs.— Having a pair of engines, cylinders 20 in. diam. by 40 in. stroke, 
the drum 12 ft. dlam., and the pressure at steam gauge 50 lbs., steam cut-off at 
91, Find from the foregoing table the average pressure of steam in cylinder. 

Then area of cylinder = 81416 sq. in. 81416 X 48-2 X 80 = 1,211,400*96. 

The circumference of the drum = 452*4 in. 1,211,400*96 + 452*4 = 2077 — 
% of 2677 = 1784 lbs., or the net load. 

The gross load would include the weight of rope, cage and car, but as these 
are balanced by the descendine rope, cage and car, the net load only is found. 
The drum mentioned is cylindrical. These remarks also apply to rule 2. 

(2.) Knowing the load and the diameter of drnm, and the length of stroke, 
theent-offandT pressnre of steam at steam ganre to find the area and 
diameter pf cylinders.— Multiply the load bv the circumference of the drnm, 
and add one-half for friction, etc. Divide this by the mean average steam 
INressure, multiplied by twice the length of the stroke. 

BXAXFLB.— Having the drum 10 n. in diameter, the stroke 6 ft., the steam 
pressure at gauge 60 lbs., the cut-off at 9i of stroke, and the load 5 tons or 
11,200 lbs. 

Then 11,200 X 81*416 (circmnfer^nce of drum) =s 851,859, 351,850 -f 14 or 
175»930 ;= 627,789, 
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The mean aversfre pressare = 57*8 Iba., 67*8 X (6 x 2) = 008*6. 527,789-1- 
008*6 = 701, square inc neg, a rea of piston. 
701 ■+■ -7864 = 969. 4/5^=^ 81-18 in., or diameter of cylinder. 

(8.) To find the approximate period of winding with a pale of direct mot* 
Im engines.— Assume the piston to travel at an averave velocity of 400 ft. per 
minate, and divide this by twice the length of the strolce, and multiply by the 
circumference of the dmm. This gives the speed of cage in feet per minate. 
Divide depth of shaft by tliis, and the result will be the period of winding. 

EzAMPL«.— Drum 31*416 ft. circumference, stroke ft., depth of stxaft 600 
yds. = 1.500 ft. Then 

400 -4- 12 = 83*88. 88'88 X 81 '416 = 1,0471. 1,600 -h 1,0471 = 1*48 min., or 
abont 1 min. 26 sec. 

(4.) To find the nsefnl horse power daring a wlndlnc— Multiply the depth 
of shaft by net weight raised; divide this by number of minutes occupied in 
winding, and divide again by 88,000. 

ExAXPLB.— Net weight 2 tons = 4,480 lbs., depth 1,500 ft., period of winding 
1*43 minutes. 

Then 4,480 X 1,600 = 0,720,000. 

6,720,000 -»- 1-48 = 4,699,301. 

4,699,801 -♦- 38,000 = 142 -f H. P. 

To find the horse power of an engine required to hoist a ffiven load up a 
single track incline in a given time.— Multiply the length of the Incline in 
feet by the natural sine of the angle of inclination, which will give you the 
vertical lift. Divide the vertical lift by the given time in minutes. Multiply 
this by the gross load, including weight ■ of rope, and divide the product by 
88,000. 

ExAMPLK.- Length of incline, 600 ft.; angle of inclination, 85°; weight of 
loaded car and 600 ft. of rope, 5,000 lbs. ; time of hoisting, 2 minutes. Kequired, 
the horse power. 

Sine of 35'> =: -673576. 
•573576 X 600 = 3441456. 
3441466 -+- 2 = 172728. 
172-728 X 5000 

= 26-{-H. P. 

83,000 

Add from 25^ to 60^ for contingencies, friction, etc. In colliery practice fiO% 
is not any too much to add, because the condition of track, cars, etc., is not as 
good, as a general rule, as on railroad planes. 

To ' find ; the horse power of an engine required to hoist a glTen load «p a 
doable track incline in a given time.— Proceed as above, using the net load, 
to which should be added the weight of one rope, instead of the gross load. 

HSADGEAR PTJLLSTS. 

Headgear pulleys should, properly, be as large as mean diameter of winding 
drum, and failing that, as large as convenient and practicable. They should be 
turned on the paurt where the rope runs and have metal to allow for wear at the 
bottom of the groove. Headgear pulleys should be fixed to run quite true in 
the direction of their circles and should have no side movement. The bearings 
should be quite smooth, quite round, long and as small in diameter as is con- 
sistent with safety. All this is with a view to reduce friction. 

B0FE8 

I propose to say little about. Flat ropes are an abomination ; they are full 
of vices and have hardly any virtues. Compared with round ropes they approx- 
imately cost twice as much at first, weigh twice as heavy and wear half as long. 
I prefer round ropes to be of the best possible material, so as to get the maxi> 
mum of strength with the minimum of weight. Each winding rope should 
liave the wires of which it is made tested to breaking strain and a record kept, 
a piece of the rope when made tested to breaking strain and a record kept. The 
worldng load, including everything (cage, tubs, coal and rope itself), should 
never be allowed to exceed one-tenth of this latter amount. I nave tried once or 
^ce to lav down rules for determining strength of ropes, but really I know of 
no very reliable one, because the wire varies, and even ropes from similar wire 
will vary. To allow a margin of safety 10 may seem high, and is high, but it is 
not the steady load in winding we have to allow for, but the enormous strain at 
the commencement of the winding, which may and does amount to several times 
the load. 

Securing the winding rope within the dmm is easy, on account of the tre- 
mendous resistance afforded by coil friction, but there must be no sharpbends in 
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paiBsliig through the dram rim. The usual method of capping is by hoops and 
rivets. These latter are almost certainly an injury, and with the wires of the 
rope well turned back and neatly lapped, forming a not exces^ely tapered end, 
with a well fitting capping and well fitting and very slightly tapered noops, no 
rivets at all are needed. 

I find from the rope card of an eminent rope manufacturer that in the hightf 
qualities of plough steel we arrive at breaking strains and safe working loads 
about as follow ; margin of safety, 10 ;— 



Diameter 


Breaking 
strain. 
Tons. 


Working 


Diameter 


Bretking 
strain. 
Tons. 


C5wt. 


1 


h 


21 
83 

48 
63 
81 


i 


51 
66 
T8 
90 


108 
182 

144 
180 



I give these figures, having reason to consider them fairly reliable, and will 
not attempt here to lay down any rule. 

CONDUCTORS. 

In the matter of conductors, I have a dislike for rigid guides in pit shafts. 
There may be cases where shafts are so full of pipes and landings and horse- 
trees that only rigid conductors can be applied ; in such cases apply them, but 
in no other, we cannot have a rigid conductor absolutely perpendicular ; the 
inevitable settlement makes this quite impossible. I prefer the wire conductor 
because of its flexibility, allowing free and unimpeded winding. It is easily 
put in, requiring only attachment in the headgear, and weighting and steadying 
at the bottom. They allow contraction and expansion ; rigid conductors will 
not. A reasonable weight for each conductor to be attached at the bottom is 
about 1 ton for each 800 yards in depth. The number of conductors to each 
cage will be two or three or four, according to magnitude of load and depth of pit. 
When two cages work in the same shaft 6 in. oetween cages back to back is 
ample, and in addition to conductors connected with each cage, there should be 
two conductors between the cages and not attached to them. The all-import- 
ant point in connection with conductors is that the pit shaft and every condnct- 
or in it should be absolutely vertical. 

SA7BTT OAGBS. 

Agood many years ago what are known as safety cages were not unconunon 
in England, and on the Continent of Europe they were compulsory by law. 
Their action is simple ; so long as the load is on the rope the catches on the- 
cago Hve out of action ; but when a rope breaks, and the load goes off, the 
catehes come into action, grip the conductors, and hold the cage. There were 
two advantages which these safety cages formerlv had— the »peed of winding 
was slow, and the conductors were of wood, affording facilities for gripping. 
Now the speed of winding is very rapid, and the conductors, a good many of 
them, are of wire. There is some danger of such cages acting when they should 
not, and not gripping when they should. It is a face that safety cages are not 
now as numerous in proportion to the collieries as formerly, and on the Conti- 
nent are not now compulsory. Safety cages are intended to act when ropes 
break ; but those who do not care for them say that ropes of proper matenal, 
well made, worked on proper machinery, and not overloaded, ought not to 
break, and will not break. It must be remembered also that even with a safe^^ 
cage we have nothing to prevent the lower part of a broken rope falling doj^ 
the pit and doing injury. Mr. Edward Omerod, of Atherton, near Manchcsi 
England, quite recently exhibited to me a safety cage of ingenious construct^ 
and equal in action to any tiling of the kind I have seen. \ 

DETACHING HOOKS. 

An accident which occurred in the neighborhood of St. Helens, Lancashire 
England, some ten or twelve years ago, in which a cage was overwonnd, and 
eight or f An men were killed, gave a great impetus to the application of what 
we call deta'^hing hooks, which, when a cage is drawn too far, detach the rope 
and hold the caere in the headgear. Previously there had been a prejudice 
against them ; pe >ple said that the best preventive against overwinding was a 
careful englneman, and that detaching hooks would provoke overmnding. 
This was not a correct way of putting it ; because detaching hooks will tell us 
of pY^rwjnding of which without we might be igngrfrpt, ftoa ft ropQ plight "bsn 
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received serions injury. There is no more careful and reliable class of woi^men 
than the colliery engiueman who on an average has probably 60,000 windings a 
year, and who certainly does not make one overwind in each year. Bat engme- 
men are only human, and a slight dislocation of the machinery may make an 
occ isional overwind inevitable. Detaching hooks oneht to be universally ap- 

Elicd. Several accidents in which the rope has been detached all right, but the 
o<k has smashed, and has allowed the cage to rush down the pit, would seem 
to Fhow that in addition to the detaching hook itself we ought to have catches 
m the headgear as an additional safeguard. 

APPLIANCES TO PREVENT OVERWINDING. 

It onght not to be forgotten that detaching hooks do not prevent overwind- 
ing ; t^ey only prevent a cage being drawn over the headgear, andfare intended 
to support the cage in the headgear ; and they have no influence whatever upon 
a descending cage, which may go rushing on to havoc and destruction. This 
has led to the ftitroduction or special appliances for the prevention of overwind- 
ing. In the event of nn engineman losing control of nis engine, and It niiit 
away at a high i>peed, these appliances shut off the steam and apply the brakes, 
and stop the engine. Also, if the cage starts the wrong way, or is drawn too 
far above the pit l|a|ik, the same operation results. There is a natural disinclina- 
tion to clothe an enSine and surround an engineman with too many appliances, 
calcnlated to p^v«u this and prevent that ; but we do think that a well-designed 
and effective appTilince which will without hampering regular work, make 
overwinding Impomlble, is a useful and neces«ary adjunct to winding en- 
gines. Mr. Alexander Bertram has recently patented and applied at the Alex- 
andra Oollierles ofllie Wigan Coal and Iron Company, Wigan, Lancashire, Eng- 
land, an excellent and successful ^>pliance known as the ** Visor,** which has 
satisfied all practieal tests. 

YBNTILATINO HACHINBRT. 

There Is another very interesting section of our subject— namely, that of ma- 
chinery for ventilation. We do not propose to explain, or to try and explain how 
collieries are ventilated, but i^hall simply say sufficient to explain generally what 
is meant by appllancea for ventilation, and, some of our own views regarding 
them. The ordinary furnace method is simply to place a large fire at the bottom 
of one of the pit shafts, called the upcast. This fire heats the air in this shaft, 
and in con^uence the air expands, and by expansion becoming lighter, rises, 
and other and colder air coming in to take its place,- and being heated and be- 
coming lighter in .its turn, constantly rises, and so a current all through the 
mine is set up and kept up. 

The objections to furnace ventilation are— the danger of causing Are in the 
surroondings of the/umace, the nuisance and even injury to the shaft, and the 
nuisance and damage caused by the discharging gases at the surface. For very 
-deep shafts no more effective mode of ventilation can be applied than that by 
furnace. 

Mechanical ventilation, as now very largely adopted, places a fan at the top of 
the upcast, ana, by constantly drawing air ont, produces a current in this way. 
The action of the fan is very simple, and based upon a very interesting principle. 
Therie is a natural law, well known as the first law of motion, to the effect that 
l>odie8 at rest will remain at rest, and will have no tendency to motion unless 
acted npon by some external force ; and that bodies in motion will remain in 
motion, and move in straight lines with unvarying velocity, unless acted upon 
by some external force. 

Now we can see at once that if we set a fan in motion, if the air within it 
simply remained within it, we should go on churning the air and producing no 
current, therefore doing no useful work. But immediately we put the fan In 
motion, the air within it, following the natural law, moves off, not in circles, 
but in ftraight lines, to the circumference, leaving a vacuum behind, into which 
the other air rushes, and so a current is produced and maintained. 

In connection with this first law of motion there is no difficulty in showing 
and proving the first portion, which applies to bodies at rest, and remaining at 
rest ; but it is not so easy to show and prove the second portion — namely, that 
bodies in motion will remain in motion. 

We cannot show It absolutely, because we cannot entirely remove all external 
forces, but we can show that relatively as we lessen the influence of external 
forces, the law Is relatively correct. A stone thrown in a quiet atmosphere will 
travel further and longer than a stone thrown against a strong wind. A stone 
thrown along a muddy road will not travel so far as when thrown along a com- 
paratively smooth pavement, and when thrown upon a pond or lake covered with 
ICC will travel much further. 
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A wheel resting npon rough bearings will, when the taming power is removed, 
tome to i;est macn more quickly than when rotating upon very smooth surfaces, 
and still longer when supported upon what we term friction rollers. That 
moving bodies endeavor to travel m straight Hnes, and resist diversion from 
those straight lines, is very generally understood. Steam and water in pipes 
and passing round curves lose power ; conveyances capsize in turning comers 
quickly ; and a very excellent practical illustration is on railways, where on 
curves we elevate the outer rails to counteract the endeavor of the train to pass 
on in a straight line and leave the rails. The amount of elevation given to the 
outer rail depends upon the highness of the speed and the sharpness of the 
curve. 

Mechanical ventilators at one time worked like pumps with ^dgantlo pistons, 
but the reversal of the straight line actions, and the opening and dosing of large 
valves necessitated so slow a movement, and producea so much wear and tear, 
that the machine was found to be cumbersome and inefficient. A fan moves 
continually in one direction, has no reversals of movement, no valves or clacks 
to open and close, and practically no parts to suffer wear and tear. 

It is sometimes asked why ventilating fans are always exhausters, and not 
sometimes used to force the air into the mine. 

Well, they are in some cases used to force air in, and there is probably no 
good reason one way or the other. From time immemorial ventilation of nunes 
has been worked upon the principle of exhaustion, and the ex^iausUng fan 
simply follows on the same lines. 

It will be readily understood that when fans were first proposed as colliery 
ventilators there was a good deal of prejudice to be overcome, and a good deal 
of unbelief to remove. People said that they would get out of order, and that 
all the Uves in amine would be endangered by stoppage in the ventilation ari«ing 
out of break down in the fan machinery. As a matter of fact ventilating fans 
do not break down ; there is really nothing to break down, and even if they 
were so liable we could provide not only duplicate fan engines, as all well ap- 
pointed concerns alreadv do provide, but we could also have, as in on€ or two 
present cases, duplicate fans. We saw a few months ago at Newport Abercame, 
South Wales, an excellent ventilating plant of two fans and two engines. 

The very eminent engineers like the late Nicholas Wood and the late Sir 
William Fairbaim said thirty years ago that these ventilating machines might 
do fairly well for shallow pits and for small currents, but would be inapplicable 
to deep mines and quantities of air such as 250,000 cubic feet per minute. Im- 
provements and changes always do meet with opposition, and have to pass 
through the furnace of practical experience. The steam engine, the locomotive 
en^e, the railway system, steam navigation, every mechanical and industrial 
Invention, everytmng that has made our mining, and iron, and steel, and en- 
^neerhig industries great, have all had to meet and battle with and conquer 
predjudtee and opposition. Mechanical ventilation has met difficulties, and 
has successfully overcome them ; and now we have thousands of fans, ventila- 
ting mines of all depths, and pass out quantities of air from a few thousands 
to haJf a million cubic feet per minutie, for hours and days and weeks and 
months successively. There Is something very striking to stand in an air drift 
and f^ the current of nearly 1,000 tons of air per hour drawn tbrough miles of 
undeinground passages, and all effected by a simple revolving wbeel. There is 
a Ghiibal fan at the Sickershaw Collieries of Messrs. Ackers, Whitley & Co., 
Leigh, Lancashire, England, producing 500,000 cubic feet of air per mmute. 

We shall only mention a few of the numerous ty^a of fans. That of NTas- 
myth has straight radial parallel blades, drawing air in at the centre, as indeed 
they all do« and expelling it all round the circumference. That of Waddle, 
witn nicely curved and tapered passages so proportioned that the area of the 
cross section multiplied by the circumference is a constant quantity, and dis- 
charging the air freely all round. That of Guibal, which has parallel blades, 
curved forwards at the tips. The air can only get away at one point and enters 
into an enlarging chimney. That of Schiele which has blades, curved back- 
wards at the tips, and tapered so as to promote uniform area. There is a spiral 
casing all round leading into an enlarging chimney. 

We shall probably not be considered too presumptuous if we remark that none 
of these fans are exactly of that form which we think correct, and it will be 
well to explain what we believe to be the correct principles of fan constraction. 
(1.) The width of the blades or passages should so diminish to the circumfer- 
ence that the circumference at any point multiplied by the width at that point 
will be a constant quantity. This has been recognized and carried out in the 
Waddle and Schiele Fans. (2.) The outline of the blades from inlet to outlet 
should be of special form. Mere churning of the air in the fan is work wasted. 
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*th6 more direct the air can pais throagh ibe fan the better. If we take a circa* 
lar piece of wood representing the fan and fix it upon a centre, canae it to re* 
Tolyei and then let the point of a pencil or chalk representing a particle of air 
paasinff throagh the fan trace a line on the reyolving piece of wood, we shall 
aescrioe not a straight line, bat a curve running backwards Into the circumfer- 
ence and entering into that circomference tangentially. This is no new theory 
of our own. Near upon forty years ago ezperunents were made upon centrifu- 
gal pomps which are upon similar lines to ventilating fans, except that they 
raise water, and the foflowing remarkable results came out. Fomps with 
straight radial blades showed a useful effect of 22 per cent. Pomps with straight 
blades inclined backward at an angle of 46° showed a useful effect of 44 per 
cent. Pumps with blades curred backwards and running into the circumfer- 
ence tan^ntially showed a useful effect of 66 per cent. (8.) The outlet for the 
air should be made as easy as possible all round. Waddle affords a free dis- 
charge all round the circumference, but there is nothinjg to prevent the impulse 
of the discharging air against the motionless air outside. Guibal provides an 
enlarging chimnev into which the air is delivered, the increasing area lessens 
the velodty, the liberated energy by reduced velocity carries out the air that 
is in the ctumney, and the whole dischaiges Into the atmosphere easily and 
with little shock. Schiele improves upon this, and virtually has an enlarging 
chimney carried all round the fan in the form of a spiral casing. It is only fair 
to aar that the Waddle. Guibal, and Schiele, all do good work. 

A ran has been introduced more recently than are the foregoing. It is the 
mvention of an English clergyman named. Capell, and bears his name . It ap- 
proaches more nearly to the requirements which I have laid down than any of 
Its competitors, and produces, as I can well believe it will produce, although I 
have had no experience with it, a high useful effect, namely, from 70 to 80 per 
cent., and is capable of a water gauge as high as 10 inches. The Patent 
Anti-Vibration Shutter added to the Guibal fan has made that fan almost ab- 
Bolotely non-vibratory, enables higher speeds and increases the efficiency. Ex- 
periments show 75 per cent, of useful effect 

What do we mean by the expression ** useful effect of a fan V* We measure 
the horse power of a fan by taking the quantity of air passing through in cubic 
feet of air per minute X tnches of water-gauge X 5'2, because each inch of 
water gauge represents a pressure or vacuum of 6*2 lb. per square foot and -+■ 
83,000. Then the indicated or actual horse of the fan engine we get by taking 
the area of piston in square inches X average effective pressure in pounds per 
square inch on the piston as ascertained by the indicator X speed of the piston 
in feet per minute -4- 88,000. 

If the ventUatinfl; horse power is 60 and the engine horse power 100, we call 
the useful effect of fan 60 per cent. Now such a method of calculation is very 
clearly wrong. The useful effect of a fan is the percentage which the ventila- 
tion bears, not to the horse power generated by the fan engine, but to the horse 
power given off by the fan engine after deducting its own resistance, which 
may be 5, 10, 15 or 20 per cent, of its power. 

I have not tried to lay down any rule as to sizes of fans to produce certain 
quantities, but give the following examples in actual practice :— 



Type of Fan. 


▼elodtylnfeet 
per minute. 


Wator^Mige in inches. 


Cubic feet 

of air 
per minute. 


Qnlbal 


8,468 
6,780 
8,769 
4,520 
6,685 
5,024 
4,470 

8,770 
6,069 
6,047 
4,885 
5,652 
. 6,581 
6,462 
6,060 
5,970 
5,082 
4,077 


1*125 
2-700 
1-100 
1-600 
2-900 
2-250 
1-760 
1-260 
1-260 
2-600 
8-760 
1-760 
1-750 
2-400 
1-800 
1*600 
1-200 
1-500 

1-600 .„,ed 


120,000 
800,000 






76,000 




188,248 




278,000 




126,000 
122,848 
66,187 


14 


68,000 


«• 


260,000 


M 


260,000 


ti 


191,000 


Waddle 


110,000 




810,000 


Schiele 


147,000 
60,000 


*4 ]] 


90,000 

^ 180,000 

,vGo(^.730 
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The following^ approximate estiatotes of fan capaibiUtiefi may poeaibly be 
toandnsefii]: 

A. A small type of fan, open, running; that is, open all round the circum- 
ference for water gauges up to 2 Inches; beyond that a spiral casing and a 
Gnibal chimney. 

6 ft. diameter, 80,000 cubic feet of air per minute. 
7% " 60,000 

10 " 75,000 " 

12 " 100,000 " ** 

16 " 150,000 " " " 

18 to 20 '" 200,000 " " " 

JB. A small type of fan, quick mnning, blades curved backwards, spiral 
casing, Quibal chimney, and single inlet. 



Diameter 
in feet, 



8-0 
100 
12-0 
12-6 
150 



Width in feet. 



40 
4-6 
6-4 
5*8 
6-6 



Rev. permin. 



300 
240 
210 
210 
180 



Water Qaaflre 
ia inches. 



Quan. of air 
cub.ft.pr. min. 



50,000 
75,000 
100,000 
125,000 
150,000 



C. Same class of fan, but double inlet. 



Diameter 
in feet. 


Width In feet. 


Rev. per mln. 


Water Gauge 
in inches. 


cab.ft.pr. min. 


8-0 
10-0 
120 
12-6 
150 


40 
4-6 
5-4 

5-8 
6-6 


800 
240 
210 
210 

180 


1 


100,000 
150,000 
200,000 
2S0,O00 
800,000 



D. Guibal fan, ordinary construction. 



Diameter in feet. 


Width in feet. 


Quan. of air cob. ft. permhi. 


10 


3to4V6 


20,000 


12 


4-5 


85,000 


16 


6-7 


55,000 


18 


7-8 


65,000 


20 


7^-8H 


75,000 


24 


8-9 


85,000 


30 


10-11 


110,000 


85 


12-13 


150,000 


40 


12-14 


200,000 


46 


1-M5 


250,000 


50 


12-15 


300.000 



The volume of air exhausted by a fan will depend very much on the condi- 
tion and dimensions of tiie airways in the mine. Fans of similar dimensions 
do not always produce similar results. 

What do we mean by the term water-gauge ? and what do we mean by 5.2 1 

If we blowairintoafurnaqe, we increase the pressure, and the IncrMsed 
pressure can be measured by water-column or water-gauge, each inch of 
water-gaage representing a pressure of 5.2 lbs. per square foot. 

If we eschaust air from a mine, we reduce the pressure, and the reduced 
prc'sure is measured by water-column or water-gauge, each inch of water- 
gauge representing a reduction of pressure amounting to 5.2 lbs. per square 
foot. 

Reliable fan makers have an abunilaJnt experience to go upon as to sizes and 
speeds, and all ventilating fans should be capable of much more than the ordi- 
nary amonnt of work, so as to be ready for an emergency. 

We have now upon the American Continent and in England and on the Con- 
tinent of Europe many thousands of ventilating fans at work, and there is no 
difficulty in getting information as to what manv of them are doing. A colliery 
manager about to put down a fan would do well to ascertain from a number of 
collieries where fans are in use, the diameter and width, the number of revolo- 
tions per minute, the quantity of air in cubic feet per ininute, the water-gauee 
in inches. Upon such inforination he can readily determine his own proper 
tions. 
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OOMOLXTSION. 

Now, a word or two of advice generally. In decidinfi; upon colliery machin- 
ery, there should always he power, and ample power; hy ample power is meant 
more than in likely lo be needed. Bngines a little larger than absolutely essen- 
tial cost little more at first and nothing extra afterwards; whereas engmes not 
large enougl) and machinery not strong enough, are a constant harass in the 
working of a colliery. Further, all colliery machinery and appliances should 
be of the beet materials and workmanship. 

For further informal ion upon colliery machinery may I refer my nnmerons 
friends in America to my work on ** The Mechanical Engineering of Collieries.^* 

WioAN, England, 1890. C. H. PERCY. 



STEAM-RAISING. 



FUELS, INCRUSTATION AND SCALE, BOILER AND PIPE COVER- 
ING, AND RULES FOR CARE OF BOILERS. 
(Abridged from '* Steam,'' published by Babcock A Wilcox Co.) 
FUELS. 
The value of any fuel is measured by the number of heat units which its com- 
bostion will generate, a unit of heat being the amount required to heat one 
pound of water one degree Fahrenheit. The fuel used in generating steam is 
composed of carbon and hydrogen, and ash, with sometimes small quantities of 
other substances not materially affecting its value. 

** Combustible " is that portion which will burn; the ash or residue varying 
from 2 to 86 per cent, in different fuels. 

TABLE or COMBUSTIBLBS. 



There is a large difference in coals from different localities, and even adjacent 
mines. The following table of American coals, is compiled from various sources: 
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I Theoretical 



I Theoretical 



The effective valueiof all kinds of woodier pound, when dry, is substantially 
the same. This is nsaally estimated at 0*4 the valae of the same weight of 
coal. The following are the weights and comparative value of different woods 
by the cord : 



Kind of Wood. 


Weight. 


Kind of Wood. 


Weight. 


Hickory, Shell bark 

" Red heart 


4469 
3705 
3821 
3254 
2326 
2137 


Beech 


3126 


Hard Maple 


2878 


White Oak 


Southern Phie 


3375 


Red Oak 


Virginia " 

Yellow ** 


2680 


Spruce 


1904 


New Jersey Pine 


White " 


1868 



The first table gives, for the more common combustibles, the air required for 
complete combustion, the temperature with different proportions of air, the 
theoretical value, and the highest attainable value under a steam boiler, assum- 
ing that the gases pass off at 320**, the temperature of steam at 75 lbs. pressure, 
and the incoming draft to be at 60** ; also that with chimney draft twice and 
with blast only the theoretical amount of air is required for combustion. 

** Slack ^* or the screenings from coal, when properly mixed— anthracite and 
bituminous,— and burned by means of a blower on a grate adapted to it, is 
nearly equal in value of combustible to coal, but its percentage of refuse is 
greater. 

Much is said nowadays about the wonderful saving which is to be expected 
from the use of petroleum for fuel. This is all a myth, and a moment*s attention 
to facts is sufficient to convince any one that no such possibility exists. Pe- 
troleum has a heating capacity, when fully burned, equal to from 21,000 to 92.000 
B. T. U. per pound, or say 50 per cent, more than coal. But owing to the ability 
to bum it with less losses, it has been found through extended experiments by 
the pipe lines that under the same boilers, and doing the same work, a pound of 
petroleum is equal to 1*8 pounds of coal. The experiments on locomotives in 
ftussia have shown practically the same value, or 1*77. Now, a gallon of petro> 
leum weighs 6'7 lbs. (though the standard buying and selling weight is 65 lbs.), 
and therefore an actual gallon of petroleum is equivalent under a boiler to twelve 
pounds of coal, and 190 standard gallons are equal to a gross ton of coal. It is 
very easy with these data to determine the relative cost. At the wells, if the 
oil is worth say two cents a gallon, the cost is equivalent to $3.80 per ton for 
coal at the same place, while at say three ccntsper gallon, the lowest price at 
which it can be delivered in the vicinity of New York, it costs the same as coal 
at $5.70 per ton. The Standard Oil Co. estimate that 173 gallons are equal to 
a gross ton of coal, allowing for incidental savings, as in grate bars, carting 
ashes, attendance, &c. 

Sawdust can be utilized for fuel to good advantage by a special furnace and 
automatic feeding devices. Spent tan bark is also used, mixed with some coal, 
or it may be burned without the coal in a proper furnace. Its valua is about 
one-fourth that of the same weight of wood, as it comes from the press, but 
when dried its value i4 nbout 85 per cent, of the B^ne weight of wood in same 
of dryness, ^ j 
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It has been egtimated that on an average one pound of coal is equal, for steam- 
making purposes, to Sibs. drv peat, 2^ to ^ lbs. dry wood, fS^ to 8lbs. dried tan- 
bark, 29^ to 3 lbs. cotton stalks, ^ to 8^4 lbs. wheat or barley straw, and 6 to 8 
lbs. wet tan-bark. 

Natural gas varies in quality, but is usually worth 3 to 2^ times the same 
weight of coal, or about 30,000 cubic ft. are equal to a ton of coaL 

INCBUBTATION AND SOALB. 

Nearly all waters c<mtaln foreign substances in greater or less degree, and 
though this may be a small amount in each gallon, it becomes of importance 
where large quantities are evaporated. Far instance, a 100 U . P. boiler evap- 
orates 90,000 lbs. water in ten hours, or 390 tons per month ; in comparatively 
pure water there would be 68 Bys. of solid matter in that quantity, and in many 
kinds of spring water as much as 2,000 lbs. 

The nature and hardness of the scale formed of this matter will depend upon 
the kind of substances held in solution and suspension. Analyses of a great 
variety of incrustations show that carbonate and sulphate of lime form the larger 
part of all ordinary scale, that from carbonate being soft and granual, and that 
from sulphate hard and crystalline. Organic substances in connection with car- 
bonate of lime, will also make a hard and troublesome scale. 

The presence of scale or sediment in a boiler results in loss of fuel, burning 
and cracking of the boiler, predisposes to explosion, and leads to extensive 
repairs. It Is estimated that the presence of ^ inch of scale causes a loss of 18 

Sir cent, of fuel, ^ in. 88 per cent, and }i \n. eo per cent. The Bail way 
aster Mechanics* Association of the U. S. estimates that the loss of fuel, extra 
repairs, etc., due to incrustation, amount to an average of $750 per annum for 
every locomotive in the Middle and Western States, and it must be nearly the 
same for the same power in stationary boilers. 

The most common and important minerals in boiler scale are carbonate of 
lime, sulphate of lime, and carbonate of magnesia. Small amounu of alumina 
and silica are sometimes found, and an oxide of iron not infrequently Is present 
as a coloring matter. 

XXANS or PBKYEXnON. 

, It is absolutely essential to the successful use of any boiler, except in pure • 
water, that it be accessible for the removal of scale, for though a rapid circulation 
of water will delay the deposit, and certain chemicals will change its character, 
yet the most certain cure is periodical inspection and mechanical cleaning, 
rhis may, however, be rendered less frequently necessary, and the ute of very 
bad water more practical by the employment of some preventives. The follow- 
ing are a fair sample of those in use, with their results : 

M. Bidard's observations show that "anti-incmstators** containing omnic 
matter help rather than hinder incrustations, and are therefore to be avoided. 

Oak, hemlock, and other barks and woods, sumac, catechu, logwood, etc., are 
effective in waters containing carbonates of lime or magnesia, by reason of their 
tannic acid, but are injurious to the iron, and not to be recommended. 

Molasses, cane juice, vinegar, fruits, distillery slops, etc., have been used with 
success so far as scale is concerned, by reason of the acetic acid which they 
contain, but this i8«ven more injurious to the iron than tannic acid, while the 
organic matter forms a scale with sulphate of lime when it is present. 

Milk of lime and metallic 2inc have oeen used with success in waters charged 
with bicarbonate of lime, reducing the bicarbonate to the insoluble carbonate. 

Barium chloride and milk of lime are said to be used with good effect at 
Krupp's Works, in Prussia, for waters impregnated with gypsum. 

Soda ash and other alkalies are very useful in waters containing sulphate of 
lime, by converting it into a carbonate, and so forming a soft scale easily clean- 
ed. But when us^ in excess they cause foaming, particularly where there is 
oil coming from the engine, with which they form soap. All soapy substances 
are objectionable for the same reason. 

Petroleum has been much used of late years. It acts best in waters in which 
sulphate of lime predominates. As crude petroleum, however, sometimes helps 
in forming a very injurious crust, the refined only should be used. 

Tannate of soda is a good preparation for general use, but in waters contain- 
ing much sulphate, it should be supplemented by a portion of carbonate of soda 
or soda ash. 

A decoction from the leaves of the eucalyptus is found to work well in some 
w«ensinC.IUor»ta. . „„ed.vGoogle 
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For muddy water, parUcolarly if it contain Baits of lime, no preventive of 
incrustation will prevail except filtration, and in almost eveir instance the as« 
of a Alter, either alone or in connection with some means of precipitating the 
• solid matter from solution, will be found very desirable. 

hk all cases where impure or hard waters are used, frequent ** blowing ** from 
the mnd-drum is necessary to carry off the accumulated matter, which u allow- 
ed to remain would form scale. 

When boilers are coated with a hard scale difficult to remove, it will bo found 
that the addition of ^ lb. caustic soda per horse power, and steaming for some 
hoars, according to the thickness of the scale, just before cleaning, will greatly 
facilitate that operation, rendering the scale soft and loose. This should be 
done, if possible, when tne boilers are not otherwise in use. 

COVERING FOR BOILERS, STEAM PIPES, ETC. 

The losses by radiation from unclothed pipes and vessels containing steam is 
considerable, and in the case of pipes leading to steam eng^es, is mainifled by 
the action of the condensed water in the cylinder. It therefore is Important 
that such pipes should be well protected. The following table gives the loss of 
heat from steam pipes naked and clothed with wool or hair felt, of different 
thickness, the steam pressure being assumed at 75 lbs. and the extreme air at 60^. 

There is a wide difference in the value of different substances for protection 
from radiation, their value varying nearly in the reverse ratio of their conduct- 
ins power for heat, up to their ability to transmit as much heat as the surface 
or^the pipe will radiate, after which they become detrimental, rather than 
useful, as covering. This point is reached nearly at baked clay or brick. 

TABLX or LOSS OF HBAT FBOII STEAM FXFKS. 



A smooth or polished surface is of itself a good 
Russia iron having a ratio, for radiation, of 53 to lOi 
makes but little difference. 



)rotection, polished tin or 
for cast iron. Mere color 



TABLE OF CONDUCTING POWER OF VARIOUS SUBSTANCES. 

(Prom P6clet.) 



Substance. 



Conduct'g 
Power. 



Substance. 



Conduet*g 
Power. 



Blotting Paper 

Eiderdown 

Cotton or Wool 1 
any density... f 

Hemp, Canvas 

Mahogany Dust... 

Wood Ashes 

Straw 

Charcoal Powder. . 



274 
314 



418 
523 
531 
563 
636 



Wood, across fibre 

Cork , 

Coke, pulverized , 

India Rubber , 

Wood, with fibre , 

Plaster of Paris , 

Baked Clay , 

Glass 

Stone 
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•88 
116 
1-29 
1-87 
1*40 
8-86 
4*88 
6*6. 
18*68 
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Hair or wool felt has the dlBadrantage of becoming soon charred from the 
heat of steam at high pressnie, and sometimes of taking Are thereftrom. This 
has led to a yarietv of ^* cements^' for covering pipes— composed generally of 
day mixed with cufferent substances, as asbestos, paper flbre, charcoal, etc. A 
Beries of careful experiments, made at the Mass. Institute of Technology in 1871, 
showed the condensation of steam in a pipe covered by one of them, as 
compared with a naked pipe, and one clothed with hair felt, was 100 for the 
naked pipe, 07 for the " cement " covering, and 27 for the hair felt. 

TABLE OF BBLATIVB VALUS OF NON-CONBTTCTOB8. 

(From Chas. B. Emery, Ph. D.) 



Kon-Condnotor. 


Value 


Kon-Conductor. 


Vahie 


Wood Felt 


rooo 

'838 
•716 
•680 
•076 
'68S 
•668 


Loam, dry and open 

Slacked Lime .., . . 


•660 


Mineral Wood No. 2, 


•480 


*• with tar 


Qas House Carbon 


•470 


Sawdnst 

Mineral Wood No. 1 


Asbestos 

Coal Ashes 


•868 
'846 


Charcoal 


Coke in lamps 


•277 


Pine Wood across flbre 


Airspace undivided 


136 



*' Mineral wool," a flbroos material made from blast furnace slag, is a good 
protection, and is incombustible. 

Cork chips, cemented together with water-glass, make one of the best 
coverings known. 

A cheap Jacketing for steam pipes, but a very ef&cient one, may be applied as 
follows : First, wrap the pipe in asbestos paper— though this may be dispensed 
with ; then lay slips of wood lengthways, from 6 to 12 according to size of 
pipe — ^binding them in position with wire or cord ; and around the framework 
thus constructed wrap roofing paper, fastening it by paste or twine. For 
flaneed pipe, space may be left for access to the bolts, which space should be 
filled with felt. If exixwed to weather, use tarred paper—or paint the exterior. 
A French plan is to cover the surface with a rough flour paste mixed with saw- 
dust until it forms a moderately stiff dough. Apply with a trowel in layers of 
about yi inch thick— give 4 or 6 layers in all. If iron surfaces are well cleaned 
ftrom grease, the adhesion is perfect. For copper, first apply a hot solution of 
clay in water. A coating of tar renders the composition impervious to the 
weather. 

CARE OP BOILEBS. 

1. Safetff FoAMf.— Great care should be exercised to see that these valves are 
amplem size and in working order. Overioadina or neglect frequently lead to 
khe most disastrous results. Safety valves should be tried at least once every 
day to see that they will act freely. 

9. Pretture Ooum.— The steam gauge should stand at zero when the pressure 
is off. and it should show same pressure as the safety valve when that is blow- 
ing off. If not, then one is wrong, and the gauge should be tested by one 
known to be correct. 

5. Waier Zevd.—The first duty of an engineer before starting, or at the 
bcMginning of his watch, is to see that the water is at the proper height. Do not 
re^ on glass gauges, floats or water alarms, but try the gaage cocks. If they 
do not agree with water gauge, learn the cause and correct it. 

A. 0€tug€ Cfodts and Water Gauges must be kept clean. Water gauge should 
be blown out frequently, and the g1a<ises and passages to gauge kept clean. 
The Manchester, Sing.. Boiler Association attribute more accidents to inatten- 
tion to water gauges, than to all other causes put together. 

6. Feed Pumper 7>%f«Jtor.— These should be kept In perfect order, and be of 
ample size. No make of pump can be expected to be continuously reliable 
without regular and careful attention. It is always safe to have two means of 
feeding a M>iler. Check valves and self-acting feed valves should be frequently 
examined and cleaned. Satisfy yourself frequently that the valve is acting when 
the feed pump is at work. 

6. Low Water.^Jn. case of low water, immediately cover the fire with ashes 
(wet if possible) or any earth that may be at hand. If nothing else is handy, 
use fresh coal. Draw fire as soon as it can be done without increasing the heat. 
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Neither turn on the feed, etart or stop engine, or lift safety yalve until Hies Are 
oat and the boiler cooled down. 

7. BlisUnand Oradta. ~The»e are liable to occnr in the beet plate iron. 
When the first indication appears, there most be no delay in having it caref ally 
examined and properly cared for. 

8. FutttHe Piugs^ when used, mast be examined when the boiler is cleaned, 
and carefully scraped clean on both the water and fire sides, or they are liable 
not to act. 

9. Firing.— Fire evenly and r^;alarly, a little at a time. Moderately thick 
fires are most economical, but thm firing must be used where the draasht is 
poor. Take care to keep grates evenly covered, and allow no air-holes In the 
fire. Do not *' clean ** fires oftener than necessary. With bituminons coal, a 
*' coking fire,^' i. e., firing in front and shoving back when coked, gives best 
results, If properly managed. 

10. CUaning.— All heating surfaces must be kept clean outside and in, or 
there. will be a serious waste of fuel. The frequency of cleaning will depend 



on the nature of fuel and water. As a rule, never allow over A inch scale or 
soot to collect on surfaces between cleanings. Hand-holes should be frequently 
removed and surfaces examined, particularly in case of a new boiler, antil 



proper intervals have been established by experience. 

The exterior of tubes can be kept clean by the use of blowing pipe and hose 
throueh openings provided for that purpose. In using smoky niel, it is best to 
occasK)nally brush the surfaces when steam is off. 

11. Hot Feed Waier.— Cold water should never be fed into any boiler when it 
can be avoided, but when necessary it should be caused to mix with the heated 
water before coming in contact with any portion of the boiler. 

IS. Foaming,— Whea foaming occurs in a boiler, checking the outflow of 
steam will usually stop it. If caused by dirty water, blowing aown and pump- 
ing up will generally cure it. In cases of violent foaming, check the draft 
and fires. 

15. Air Leaks.— Be sure that all openings for admission of air to boiler or 
flues, except through the fire, are caref uly stopped. This is frequently an 
unsuspected cause of serious waste. 

Blowing Qff.—\i feed-water is muddy or salt, blow off a portion frequently, 
according to condition of water. Empty the boiler every week or two, and fill 
up afresh. When surface blow-cocks are used, they should be often opened 
for a few minutes at a time. Make sure no water is escaping from the blow-off 
cock when it is supposed to be closed. Blow-off cocks and check-valves shonld 
be examined every time the boiler is cleaned. 

16. X«xA».— When leaks are discovered, they should be repaired as soon as 
possible. 

16. Blotoing Q^.— Never empty the boiler while the brick-work is hot. 

17. FiUing ZTp.— Never pump cold water into a hot boiler. Many times leaks, 
and in shell boilers, serious weaknesses, and sometimes explosions are the 
result of such an action. 

18. Dampneee.—TBke care that no water comes In contact with the exterior 
of the bouer from any cause, as it tends to corrode and weaken the boiler. 
Beware of all dampness in seatings or coverings. 

19. €^al'oanic ActtMi.—^TBmiia% frequently parts in contact with copper or 
brass, where water is present, for signs of corrosion. If water is salt or add, 
some metallic sine placed in the boiler will usaally prevent corrosion, but it 
will need attention and renewal from time to time. 

to. Rapid Firing.— In boilers with thick plates or seams exposed to the fire, 
steam should be raised slowly, and rapid or intense firing avmded. With thin 
water tubes, however, and adequate water circulation, no damage can come 
from that cause. 

91. Standing Unused.-li a boiler is not required for some time, empty and 
dry it thorougnly. If this is impracticable, fill it quite full of water, and pat in 
a quantity of common washing soda. Bxtemal parts exposed to dampness 
should receive a coating of linseed oil. 

99. General Cleanliness.— AW things about the boiler room should be ^ kept 
clean and in good order. Negligence tends to waste and decay. 
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THICKNESS OF BOILBR IRON RBQUIRBD AND PRES«URB 
ALLOWED BY THE LAWS OP THE UNITED STATES. 

PRB88U11B BQUIYALBNT TO THB STANDARIO FOR A BOILBR 4t5 INCHES IS DIAII- 
BTBR AND ^ INCH THICK. 





DIAMETER. 


Thlokness 
inlSths. 


84-in. 


86-in. 


38-iD. 


40-m. 


42-in. 


44-in 


46-in. 




lbs. 


lbs. 


IbP. 


lbs. 


lbs. 


lbs. 


Ib8. 


5 


l(J9-9 


160-4 


162- 


144*4 


187-5 


131 2 


126-6 


4H 


168-5 


149-7 


141 8 


184-7 


128-8 


122 5 


117-2 


4^ 


186-9 


128-8 


121-6 


116-5 


110 


105* 


100- 


^ 


124-5 


117-6 


111-4 


105-9 


100-8 


96-2 


92-0 


118-2 


106-9 


101-8 


96-2 


91-7 


87-6 


88-0 


3^ 


101-9 


96-2 


91 2 


82-6 


82-5 


78-7 


76- 1 



GirrARD's INJECTOR. 

? = Quantity of water injected in gallons per hoar. 
= rreesare of steam in atmospheres. 
D = Diameter of throat in Inches. 



D = -0158 y Q 
Q= /T"(68-4D)2 



DianMter*! 


Dettreiy i|k gallons per hour with a preasore per tiquare Incb of 


of an inch. 


80 


45 ) 60 


75 


90 


•1 


5& 


69 


80 


89 


98 


•16 


127 


166 


180 


201 


221 


•8 


226 


278 


821 


860 


898 


-86 


854 


434 


602 


561 


616 


•8 


606 


624 


722 


807 


884 



PRESSURE OP STEAM AT DIFFERENT TEMPERATURES. 

BB8ITLTB OF BXPERIMBNT8 M ADB BT THB FRANKLIN IN8TITUTB. 



PresBoreln 


Vsmperatare 
indenrees 


Prepare in 


Tempermtare 


Pressu ein 


IVmperature 


inches of 


inches of 


indetnrees 


inches of 




IWir. 


mercury. 


IWir. 


mercury. 


80 


212« 


135 


298-5« 


225 


33r 


46 


285 


160 


804-5 


240 1 


836 


60 


860 


166 


810 


255 


340-5 


75 


864 


180 


315-5 


270 


345 


96 


876 


195 


321 


285 


849 


106 


284 


210 


326 


800 


868-6 


120 


891-6 











RULES FOR ENGINEERS. 



If a gangie^lass breaks, tarn off the water first and then the eteam, to av(^d 
scaldinff yourself. 

Don T buy oil or waste simply because It is very cheap; it will cost more than 
a good article in the end. 

In cutting ^P^S t^^ , gaskets, etc., have a dish of water handy, and keep 

poor fireman. He can, 
the wages of a first class 
man. 

An ordinary steam engine, having two cylinders connected at right angles on 
the same shaft, consumes one-thii^ (%) more steam than a single cylinder 
engine, while developing only the same amount of power. 
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A fusible plaje ought to be renewed everv three months by removing the old 
metal and re-filling the case: and it shoold be scraped clean and bright on both 
ends every time that the boiler is washed out, to keep it in good working order. 

When you try a gauge cock, don't jerk it open suddenly, for if the water hap- 
pens to be a trifle below the cock, the sudden relief from pressure at that point 
may cause it to lift and flow out, deceiving you in regard to its height. Whereas, 
if you open it quietly, no lift will occur, and you ascertain surely whether there 
is water or steam at that level. 

Always open steam stop-valves between boilers very gently^ that they may 
heat an'f. expand gradually. By suddenly turning on steam a stop-valve chest 
was burst, due to the expansive power of heat unequally applied. The same 
care is also recommended when shutting off stop-valves. A fearful explosion 
once occurred by shutting a communicating stop- valve too suddenly— dne to 
the recoil. 

In order to obtain the driest possible steam from a boiler, there shonld be an 
internal perforated pipe (drv pipe, so called) fixed near the top of the boiler, 
and suitably connected to the steam pipe. The perforations in this pipe shonld 
be from one-quarter to one-half greater in area than that of the steam pipe. 
Domes are of^no use as steam drtors; they only add a very little to thescesm 
space of a boiler, and are often a source of loss by radiation. 

If a glass gauge tube is too long, take a triangular file and wet it, hold the 
tube in the left hand, with the thumb and f orennger at the place where you 
wish to cut it. saw it quickly and lightly two or three times with the edge of the 
file, and it will mark the glass. Now take the tube in both hands, both thumbi 
being on the opposite side to the mark, and an inch or so apart, and then try to 
bendthe glass, using your thumbs as fulcrums, and it will break at the mark, 
which has weakened the tube. 

A stiff charge of coal all over a furnace will lower the temperature 200<* or 800° 
in a veiv short time. After the coal is well ignited the temperature will rise 
about 500°, and as it continues burning will gradually drop about 900**, till the 
fireman puts in another charge, when the sudden fall before mentioned takes ' 
place again. This sudden contraction and expansion frequently causes the 
bursting of a boiler, and it is for this reason that light and frequent chiuij^ of 
coal, or else firing only one-half of the furnace at a time should be always 
insisted upon. 

Be careful when usiug a wrench on hexagonal nuts that it fits snngiy, or the 
edges of the nut will soon become rounded. 

Be careful how you use a monkey-wrench, for if it is not placed on. the nut 
properly the strain will often bend or fracture the wrench. 

The area of grate for a boiler should never be less than i of a square foot per 
indicated horse power of the engine, and it is seldom advisable to increase tnis 
allowance bevond V^of a square foot per I. H. P. 

The area of tube service for a boiler should not be less than 2^ square feet 
per I. H. P. of the engine. 

The ratio of heating surface to grate area in a boiler should be 90 to 1 as a 
minimum, and may often be increased to 40 to 1, or even more, with advantage. 

Lap-welded pipe of the same rated size has always the same outside diameter, 
whether conmion, extra, or double extra, but the internal diameter is of course 
decreased with the increased thickness. 

A good cement for steam and water joints is made by taking 10 parts, by 
weight, of white lead, b parts of black oxide of manisanese, 1 part of litharge, 
andmixing them to the proper consistency with boiled linseed oil. 

To harden a cutting-tool, heat it in a coke fire to a blood-red heat and plnnge 
it into a solution of salt and water (1 pound of salt to 1 gallon of water), then 
polish the tool, heat it over gas, or otherwise, till a pale straw or gold color 
shows on the polish, and cool it in the salt water. 

Small articles can be plated with brass by dipping them in a solution of 9^ 
grains each, of sulphate of copper and chloride of tin, in 1% pints of water. 

Don't be eternally tinkering about your engine, but let torn enough ttlone. 

Don't forget that with a copper hammer you can drive a key just as well as 
with a steel one, and that it doem't leave any marks. 

Keep on hand slips of thin sheet copper, brass and tin to use as liners, and if 
you shape some of them properly, much time will be saved when yon need them. 

A few wooden skewer-pins, such as butchers use, are very usefol for muy 



purposes in an engine-room. Try them. T 

In running a line of steam-pipe where there are certain rigid points, nipe 
y„* -» xt^- «__ ,-_x .^^g^ pohits, or- ^-rar. 

dbyGoOgk 



arrangement for exptuision on the line between those points, or you wSl cSSe 
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Amufse the usual work of the engine and flre-rooms syBtematfcally, and 
adhere to it. It paya well. 

Bon^ f orset that cleanliness is next to Godliness. 

Rubber cloth kept on hand for joints should be rolled up and laid away by 
itself, as any oil or f^rease coming in contact with it will cause it to soften and 
give out when put to u»*e. 

When using a jet condenser let the engine make three or four rerolutions 
before opening the injection valve, and then open it gradually, letting the 
engine make several more revolutions before it is opened to the full amount 
reauired. 

Open the main stop-valve b^ore you start the fires under the boilers. 

When starting fires don't forget to close the gauge-cocks and safety*yalve as 
soon as steam begins to form. 

An old Turkish towel cut In two lengthwise is better than cotton-waste for 
cleaning brass-work. 

Always connect your steam-valves in such a manner that the valve closes / 
acninst the constant steam pressure, i / 

Turpentine well mixed with black varnish makes a good coating for Iron i 
smoke-pipes. 

Ordinary lubricating oilvare not suitable for use in preventing rust. 

You can make a hole thvough glass by covering it with a thin coating of wax / 
—by warming the glass and spreading the wax on it, scrape off the wax / 
where vou want the hole, and drop a little fluoric acid on the spot with a wire. 
The acid will cut a hole torongh the glass, and you can shape the hole with a 
copper wire covered with oil and rotten-stone. 

A mixture of one ounce of sulphate of copper, one-quarter of an ounce of 
alum, half a teaspoonf ul of powdered salt, one gill of vinegar and twenty drops / 
of nitric acid will make a hole in steel that is too hard to cut or file easily. V 
Also, if applied to steel and washed off quickly, it will give the metal a beauti- 
ful froetea appearance. 

BELTING AND VELOCITY OP PULLEYS. 

Bdts should not be made'tighter than necessary. Over half the trouble from 
broken pulleys, hot boxes, etc., can be traced to the fault of tight belts, while 
the machinery wears mucn more rapidly than when loose belts are employed. 

The speed of belts should not be more than 8,000 or 8,750 feet per minute. 

The motion of driving should run with and not against the laps of the belts. 

Leather belts should be run with the strongest or flesh side on the outside 
and the grain (hair) side on the inside, nearest the pulley, so that the strongest 
part of the belt may be subject to the least wear, it will also drive 80 per cent, 
more than if run with the flesh side nearest the pulley. The grain side adheres 
best because it is smooth. Bo not expose leather belts to the weather. 

When the length of a belt cannot be conveniently ascertained by measuring 
around the pulleys with a tape line, the following rule will be serviceable: 

Add the diameters of the two palleys together and divide by 2; multiply this 
quotient bv 8^. and to the product add twice the distance between the centres 
of the shafts; the sum will be the length required. 

RULES POR CALCULATING SPEEB OP PULLEYS. 

/.— Th$ diameter <3f the driver and driven being givfr^ to find the number qf 
rewlutione of the driven : 

Rui<B. —Multiply the diameter of the driver by its number of revolutions, and 
divide the product by the diameter of the driven; the quotient will be the num- 
ber of revolutions. 

II,— The diameter and the rewlutkme of the driver being given to find the 
diameter qfthe driven, that shall make any given number qf revolutione in the 
tame time : 

RuLB.— Multiply the diameter of the driver by its number of revolutions, and 
divide the product by the number of revolutions of the driven; the quotient 
will be its diameter. 

Ill,— To aecertain the tize qf the driver : 

Rni.B.— Multiply the diameter of the driven by the number of revolutions you 
wish to make, and divide the product by the revolutions of the driver; the 
quotient will be the size of the driver. 

The above rules are practicall v correct. Though, owing to the slip, elasticity, 
and thickness of the belt, the circumference of the driven seldom runs as fast 
as the driver. 

Belts, like gears, have a pitch-line, or a circumference of uniform motion. 
This circumference is within the thickness of the belt, and must be considered 
if pulleys differ greatly in diameter, and an accurate record of speed is abso- 
hitely necessary. ^ 
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USEFUL MEMORANDA. 



Mean circumference of the earth 24,866 mfles. 

Diameter of the earth 7,821 ** 

Radius of the equator 20,921,180 feet. 

Polar semi-axis 20;853,180 ** 

Length of geographical or nautical mile 6075'66 ** 

Ratio of nautical to English mile 1'19068 to 1. 

Length of pendulum at the equator 89*01326 inches. 

Length of pendulum at New York 89*10153 " 

Force of gravity at New York, feet per second. : . . . 82*1594 

Tiopicalyear 865*242245 days. 



Length of an arc. 
Circumference of a circle. 

Area of do 

Diameter of do 

Side of an equal square. . . 
Diameter of equal circle. 

Ellipse, area 

Sphere, surface 

" solidity 

Square feet 



'* yards. 

Cubic feet 

" yards... 



No. of deg. X rad. X '01745. 
Diam. x 31416. 
Diam.3 X -7864. 
Cir, X -31881. 
Diam. x '8862. 
y Area X *-ia887. 
T. axis X C. axis x 7864. 
Diam.3 x 81416. 
Diam.s x -6286. 
Circular inches x 00466. 
Square inches x '00096. 
Square feet X '111. 
Cubic inches X -00068. V 

Cubic feet X '08704. 
Cylindrical feet X *02900. 



English miles Lineal feet X *00010, or lifteitl yaids X 

•000668. 

" acres Square yards X '00026067. 

Parabola, area *§ of base X height. 

1 square foot 1^*846 circular inches. 

Cubic inches in imperial gallon 277*274. 



in standard u. S. gal., 
in beer gallon. 



281. 



*' foot 

" inches X -028848 

" X 014424 

** ** X '008606 


6-282 Imperial gallons. 

pints. 

quarts. 

gallons. 


" " X '0004508 


bushels. 


** »* X *00005635 


quarters. 


" X 0005787 

*• X 0000314 

" " X -0168 


cubic feet. 

** yards. 
French litres. 


" X -257 .... 

** X -278 

" X-491 

" X-4112 

** " X -2632 


1 lb cast iron. 
— 1 8> wrought iron. 

1 lb quicksilver. 
.... lib lead. 

1 lb tin. 


" X-2597 

" X-3201....'. 

" X-3058 

Statute acres X 4840 

Square links X -4856 

♦* feet X 2*8 

Links X -22 


1 lb zinc. 
1 lb copper. 
1 lb brass, 
square vards. 

" link's. 
yards. 


" X-66 

Feet X 1-5 

Cubic feet X 2*200 


feet. 
.... links. 

cylindrical inches. 


Cylind. Inches X 0004546 


. . . cubic yards. 


Imperial gallons X '1604 

Standard gallons X 1831 

Cubic feet X -779 

Bushels X '0476 


" feet. 
" feet. 

bushels. 

cubic yards. 


" X 1'284 


" feet 


" X 2218*2 

Statute mUes X -869 


" inches. 

mpan fireopTAnbical mil ah 
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Ponnds avoir. X *7000 grainn. 

Grains X -0001429 pounds avoirdupois. 

Pounds avoir. X '009 cwts. 

" " X -00045 tons. 

Tons X 2-240 pounds avoirdupois. 

** X •984 tonnes, French. 

Pounds ou the square inch X '144.. . pounds on the square foot. 
'* •• " foot X -007.. " " inch. 

Miles per hour X 1-467 feet per second. 

Feet per second X '682 miles per hour. 

French metres X 8-281 English feet. 

" litres X "^l imperial gallons. 

" hectolitre X 2-7512 English bushels. 

" grammes X '002205 pounds avoirdupois. 

" kilogrammes X 2-206 

Dia. of sphere X -806 dimcn«*ions of equal cube. 

" "X -6667 leneth of equal cylinder. 

One atmosphere 14*7 ponnds on the square inch. 

2116 " " " foot. 

** 29-928 inches of mercury. 

" 88-9 feet of water. 

Barrel of tar 26^ gallons. 

Cable's length 240 yards. 

Cask of black lead A^Ucwt. - 

English Ch/ildron of coal 25H[cwt. 

" " coke 12Xtolicwt, 

Chaldron of coal, heaped measure . .' 86 bushels. 

Cord of wood 128 cubic feet. 

Dozen 12 articles. 

Fagot of steel 120 pounds. 

Fodder of lead 19Ucwt. 

Gross 12 dozen. 

Great gross 12 gross. 

Bushel of wheat 60 pounds. 

" Indian com 66 " 

" oats 82 

" rye 66 

" wheat bran 20 *• 

Firkin of butter 66 " 

Quintal of dry salt flsh 100 " 

Cask of raisins 100 " 

Barrel of flonr 196 " 

Barrel of beef, pork or fish -200 " 

Pig of ballast. ^-.< 66 »* 

QlreofpiMpi^B- 24sheet8: 

Beam of hB^F 20 quires or 480 sheets. 

Bondlet .TiniV^' 2 reams. 

Bale TTTT. 6bundles. 

Boll of parchment 60 skins. 

Score 20 articles. 



THE FEEDING PK0PERTIE8 OP DIFFERENT VEGETABLES, 

In comparison with 10 lbs. of hay. 



Hay 

Clover hay... 
Vetch hay.... 
Wheat straw. 
Barley straw 

Oat straw 

Pea straw. ... 
Potatoes 

Old! 



8 
4 
59! 


v^arruuj 

Cabbage 

Peas and beans 

Wheat 


80 to 40 

2to 8 

5 


52 


Barley 


6 


55 


Oats 


6 


6 


Rye 


6 


28 


Indian com .... x .,,... . 


6 


40 


Bran 


5 


60 


Oil-cake 


2 



Urns, 2 lbs. of oil-cake is worth as much as 55 lbs. of oat straw. 
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USEFUL INFOKMATION. 

In Kentucky. 80 lbs. of bitnminons or cannel coal make a boahel. 

In Illinois, 80 lbs. Of bituminous coal make a bushel. 

In Missouri, 80 lbs. of bituminous coal make a bushel. 

In Indiana, 70 lbs. of bituminous coal make a bushel. 

In Pennsylvania, 76 lbs. of bituminous coal make a bushel. 

Coal, com in the ear, fruit and roots are sold by heaped measure, that is. the 
bushel is heaped in the form of a cone, which cone must be 10)^ ins. in diam- 
eter (equal to the outside diameter of the standard bushel measure), and at least 
6 ins. in height. 

Grain and some other commodities are sold by stricken measure, that is, 
the measure is to be stricken with a round stick or roller, straight and of the 
same diameter from end to end. 

Glazing and stone-cutting are estimated by the square foot. 
CHEMICAL MEMOBAia)A. 

A simple or elementary substance is a body that cannot be resolved or sepa- 
rated into any simpler sul>stances — as oxygen, carbon, iron. 

A compound substance is one consistmg of two or more constituents— as 
water, carbonic acid gas, oleflant gas. 

The equivalent number or atomic weight expresses Uie relations that subsist 
between the different proportions by weight in which substances unite chemi- 
cally with each other. 

The equivalent of a compound is the sum of the equivalents of its con- 
stituents. 

Specific gravity expresses the difference that subsists between^tfa^ weights of 
equal volumes of bodies. 

So far as chemists have been able to discover, there are about 6& elementary 
or simple substances. 

No compound body contains all the elementary substances. Most compoumls 
are composed of two, three or four elements. 

TABLE OP ELEMENTARY SUBSTANCES. 



Names of Elements. 


1 




Names of Elements. 


1 


II 


Aluminum 


Al 
Sb 
As 
Ba 
Be 
Bi 
B 
Br 
Cd 
Ca 
C 
Ce 
CI 
Cr 
Co 
Cu 
F 
Au 
H 
In 
I 

Ir 
' Fe 
l.n 
Pb 
Li 
Mg 
Mn 
Hg 
Mo 


27-4 
182 

75 
187 

9*4 
210 

11 

80 
112 

40 

12 

92 

85-5 

62-2 

58-8 

63-4 

19 

197 

1 

74 
137 
198 

56 

93 

207 

7 

24 

65 
200 

96 


Nickel . 


Ni 
Nb 
N 
OS 
O , 

1* 

• Pt 
K 
R 
Rb 
Ru 
Se 
Si 

^! 

8r 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

u 

V 
Y 
Zn 
Zr 


58*8 


Antimony 

Arsenic 


Niobium 


95 


Nitrogen 


14 


Barium 


Osmium 


199 


Beryllium 


Oxygen 


16 


Bismuth 


Pallidium ,^l 

Phosphorus .1. 

Platinum 


106*6 


Boron 

Bromine 


SI 
197-4 


Cadmium 


Potassium 


391 


Calcium 


Rhodium ... 


104 


Carbon 


Rubidium 

Ruthenium 


85 


Cerium . 


104 


Chlorine 


Selenium 

Silicium or Silicon 

Silver 

Sodium 


79 


Chromium 

Cobalt 


28 
108 


Copper 


23 


Fluorine 


strontium 


87*6 


Gold 


Sulphur 


82 


Hydrogen 


Tantalum 


182 


Indium 

Iodine 


Tellurium 

Thallium 


128 
204 


Iridium 


Thorium 

Tin 


231-5 


Iron 


118 


Lanthanum 

Lead 


'lltanium 

Tungsten 


50 

184 


Lithium . . . 


lUranium 

Vanadium 


120 


Magnesium 

Manganese 

Mercury 


61*2 


Yttrium 

Zinc 


61*7 
i 65 


Molybdenum 


Zirconium 


89-6 
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LIST OF SOME BINARY COMPOUNDS. 



Name of Compound. 



BymboL 



Ammonift '. . . 

Bisnlphide of Carbon 

Carbonic acid gas 

Carbonic oxide 

Cyanogen 

Hydrochloric acid 

Light carbureted hydrogen. 

N&lcacid 

Oleliant gas 

Peroxide of iron 

Protoxide of iron 

Solphorons add gas 

Snlphnric acid 

Snlphnreted hydrogen 

Water 



N H, 

C Sj 

C Oj 

C O 

N C, 

H CI 

C H4 

C h' 

Fe, O, 

Fe O 

S O. 

Ha S 

H. O 



NOMENCLATURE. 
The compounds of the non-metallic elements with the metals and with each 
other have names ending in *• ide " or •' uret;" as Fe S, sulphide or sulphuret of 
iron. 

When two or more equivalents of the non-metallic elements enter into com- 
oinstion, the number or equivalents is expressed by prefixes. 
Bi means 2 eq., as N O^ binoxide of nitrogen. 

Ter " 8 eq., as Sb, Sj tersulphide of antimony. 

Penta " 5 eq., 

Sesqui '* lU eq. (= 2 to 3), as Fe^ O, sesquioxide of iron. 
Proto " first, or 1 to 1, as Fe O protoxide of iron. 
Sub *' under, as Cu^ O suboxide of copper. 

Per ** • the highest, as CI O4 protoxide of chlorine. 

Alkalies neutralize acid^, forming salts. 

The terminations ** ic '* and '* ous " are used for acids, the former representing 
a Ueher state of oxidation than the latter. 

Wben a substance forms more than two add compounds, the prefixes " hypo," 
under, and ** hyper," above, are used. 
A base is a compound which will chemically combine with an acid. 
A salt is a compound of an acid and a base. 

When water is in combination with acids or bases, they are said to be hy- 
drated. 

COMMON NAMES OF CERTAIN CHEMICAL SUBSTANCES. 

Aqua fortls Nitric acid. 

■ Bluestone, or blue vitriol Sulphate of copper. 

Calomel Chloride of mercnry. 

Chloroform Chloride of formyle. 

Common salt Chloride of sodium. 

Copperas, or green vitriol Sulphate of iron. 

Corrosive subumate Bichloride of mercury. 

Dry alum Sulphate of alumina and potash. 

Spsom salts Sulphate of magnesia. 

Ethiops mineral Black sulphide of mercury. 

Galena Sulphide of lead. 

Glauber's salts Sulphate of soda. 

Iron pyrites — Bisulphide of iron. 

Jeweler's putty Oxide of tin. 

King's yeUow Sulphide of arsenic. 

Laughing gas Protoxide of nitrogen. 

Lime Oxide of caldum. 

Lunar caustic Nitrate of silver. 

Mosaic gold Bisulphide of tin. 

Nitre, or salt petre Nitrate of potash. 

on of vitriol Sulphuric acid. 

Realga Sulphide of arsenic 

Red lead Oxide of lead. 

Rost of iron Oxide of iron. 

Soda Oxide of sodium. 
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Spirit of hartshorn Ammonia. 

Spirit of salt Hydrochloric acid. 

Stucco, or plaster of Paris Sulphate of lime. 

Sugar of lead Acetate of lead. 

Vermillion Sulphide of mercury. 

Vinegar Acetic acid. 

Volatile aikal Ammonia. 

Water Oxide of hydrogen. 

White vitriol Sulphate or zinc. 

THE WEIGHT OF DIFFERENT SUBSTANCES. 



Name of Body. 


Weight of a 
cubic foot. 


Weight of a 
cubic inch- 


No. of 

cubic 

inches Id 

alb. 

5. 


Weight 
of a cu- 
bic yard 
in tons. 
6. 


In oz. 
1. 


In lbs. 
2. 


In oz. 
8. 


In lbs. 
4. 


Platina 

Copper, cast 

Copper, sheet 

Brass, cast 


19500 

8788 

8915 

8896 

7271 

7631 

11344 

7833 

7816 

7190 

7292 

9880 

8784 

1520 

1250 

2000 

2416 

2554 

2143 

2781 

1259 

2130 

2672 

2742 

8160 

2880 

946 

240 

544 

556 

660 

696 

745 

760 

852 

970 

870 

915 

982 

927 

1000 

1028 

1015 

1026 

13568 


1218*75 

549-25 

557-18 

524*75 

454-43 

476-93 

70900 

489*56 

488-50 

449-37 

455*75 

619*50 

549*00 

95-00 

78-12 

125*00 

151-00 

159*62 

133*94 

173*81 

78*69 

133*12 

167*00 

171-37 

197*50 

18000 

59-06 

15*00 

3400 

34*75 

41-25 

43*50 

46-66 

47*50 

53*26 

60*62 

54-37 

57-18 

58-25 

57 98 

62*50 

64-25 

63*48 

6412 

848*00 


11*284 
5*086 
6 159 
4-852 
4*203 
4-410 
6*456 
4*527 
4-517 
4*156 
4*215 

5-no 

50776 

•8787 

•7225 

1-156 

1-396 

1-478 

1 240 

1-609 

0729 

r233 

1544 

1585 

1-826 

1664 

-5462 

•138 

•315 

•321 

•382 

•403 

•431 

•440 

•498 

*561 

508 

-529 

539 

586 

*578 

•594 

-587 

•598 

7*861 


•7053 
•8178 
•8225 

8087 
-268 
-276 
•4108 
•2838 
•2827 
•26 
-2686 
-8586 
-8177 
-055 

0462 

•ar23 

•0878 
0928 
07751 
1005 
•04558 
-07704 
•0967 
•0991 
1148 
-1042 
•0842 
•0087 
-0197 
-0201 
•024 
•0252 
•027 
0275 
-0808 
-0851 
-0816 
-0881 
-0887 
08862 
-08617 
-0872 
-0967 
-087 
-4908 


1-417 
8-146 
8108 
8-298 
3-802 
3628 
2-487 
3-530 
8687 
8846 
8-790 
2-789 
8* 147 
18190 
22120 
18824 
11*443 
10*825 
12-901 
9*941 
21*959 
12*980 
10*84^ 
10088 
8*760 
9*600 
29-258 
115*200 
50*828 
49*726 
41*800 
a9*7«4 
87- 118 
86*870 
82-449 
28*505 
81*771 
80*220 
29-666 
29*288 
27-648 
26-804 
27-948 
26-048 

2-o«r 




Iron, cast 





Iron, bar 





Lead 




Steel, soft 




Steel, hard 




Zinc, cast 




Tin, cast 




Bismuth 




Oun Metal 




Sand ....... 


1-145 


Coal 


0-941 


Brick 


I-5O6 


Stone, paving 

Stone, Bristol 

Grindstone 

Chalk, British 

Jet 


1*820 
1-924 
1*614 
2-095 
0*948 


Salt 


1604 


Slate 


2*012 


Marble 

WhiteLead 

Glass 


2*065 


Tallow 

Cork 





Larch 


' 


Elm 




Pine, Pitch 

Beecn 


... 


Teak 




Ash 

Mahogany 

Oak 




Oil of Turpentine.. 

Olive Oil 

Linseed Oil 

Spirits, proof 

Water, dlstmed.... 
Water, sea 






* 0-758' 
0*774 


Tar 




Vinegar 

Mercury (at 60»)... 


sJ 
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BOARD MEASUBE. 
In board measnre all boards are aaanmed to be 1 inch in thickness. 






ith. 



Areaofa 
lineal ft 



'021 
•042 
'063 
•083 
•IM 

125 
•146 

167 
•188 
•208 



•271 
•292 
318 



Breadth. 
Inches. 



Area of a 
lineal ft. 



354 

875 

396 

417 

438 

458 

479 

5 

621 

542 

563 

583 

604 

625 

646 

667 



Breadth. 
Inches. 



Area of a 
lineal ' 



ft. 



•708 
•729 
•76 
*771 
•7»2 
•813 
838 
•864 
•875 
•896 
•917 
•988 
•958 
•979 



Area of a lineal foot multiplied by length in feet will give superficial contents 
in square feet. 

To Coaipate Tolame of Sqaare Timber. 
When aU ths dimensions are infest: 

Rui<B.— Multiply the breadth by the depth and that product by the length, and 
the product will give the volume in cubic feet. 
When either qf the dimensions are in inches: 
RuuE.—Hultiply as above and divide by 12. 
When any two <tf the dimensions are in inches: 
Rui^.— Multiply as before and divide by 144. * 

ROUND TIMBER.— TABLE OF )i GIRTHS. 



•250 
•272 
•294 
•317 
M) 
•364 
•300 
•417 
•444 
•472 
•501 
•581 
•5Ci 
•594 



•694 
•730 
•756 
•803 
'S40 
•878 
•918 
•959 



}< Girths. 
Inches. 



18 



15 



lOi 

108 

112 

117 

1-21 

1 20 

131 

1-36 

1-41 

1^40 

1^51 

1-60 

161 

1-60 

1-72 

1-77 

1-83 

1-89 

1-&4 

2- 

209 

212 

2^18 

2-25 

2-37 



K Girths. 
Inches. 



19 



0^ 
:i« 
2« 



20 



21 



24 



25 



26 



27 



30 



2^50 

264 

2-77 

291 

806 

8-20 

3-86 

8-51 

8-67 

8*88 

4^ 

4-16 

484 

4-51 

4*69 

4^87 

5-06 

5-25 

5*44 

5*64 

5-84 

6-04 



Area corresponding to )^ girth (mean) in inches multiplied by length in feet 
= solidity in feet and decimal parts. 



dbyGoOgk 



192 



COIX.IERY ENGIMJSEE POCKET-BOOK, 



TABLE OF CUBIC YARDS OP EXCAVATION IN TBBNCHBS PER 
LINEAL FOOT. -SIDES VERTICAL. 



Width In Feet. 



Deptb of Trench In Feet. 



1 



2 



10. 

•5. 
20. 

•5. 
80. 

•5. 
40. 

•5. 
60. 

•6. 
60. 

•6. 
70. 

•5. 
80. 

•6. 
9-0. 
♦ -6. 
100. 



0037 
0055 
0074 
0*092 
0-111 
0129 
0148 
0166 
0185 
0-208 
0-222 
0*240 
0-259 
0-277 
0*296 
0-814 
0*888 
0-861 
0-870 



0074 
0111 
0-148 
0186 
0-222 
0259 
0*296 
0-333 
0-870 
0-406 
0-444 
0-481 
0*518 
0-665 
0-592 
0-628 
0-666 
0-703 
0-740 



0-111 
0166 
0-222 
0-274 
0*883 
0-888 
0-444 
0-500 
0.666 
0-611 
0-666 
0-722 
0778 
0-844 
0-888 
0-908 
1-000 
1-056 
1-111 



0-148 
0*222 
0-296 
0-870 
0-444 
0-518 
0-692 
0-666 
0-740 
815 
0-888 
0-968 
1-087 
1111 
1185 
1*259 
1-888 
1-407 
1-481 



0*186 
0-277 
0-870 
0-468 
0-666 
0-648 
0-740 
0-888 
0-926 
1016 
1-111 
1-203 
1-296 
1-888 
1-481 
1-574 
1-666 
1-759 
1-852 



0-222 
0-888 
0-444 
0-666 
0-666 
0-777 
0-888 
1-000 
1-111 
1*222 
1-838 
1-444 
1-555 
1-666 
1-777 
1*888 
2000 
2111 
2*822 



0*250 
0-888 
0*618 
0-644 
0-777 
0*876 
1*087 
1-166 
1-296 
1*426 
1-665 
1*685 
1*814 
1-944 
2-074 
2*906 
2*888 
2-408 
2-608 



Width In Feet. 






Depth of Trench In Feet. 








8 


9 


10 


11 


12 


18 


14 


15 


10 

•5 


0-296 
0-444 
0-592 
0-740 
0-888 
1036 
1-185 
1-333 
1-481 
1-630 
1-777 
1-936 
2-074 
2222 
2*870 
2-518 
2-666 
2-814 
2-968 


0-833 
0*600 
0-666 
0-833 
1-000 
1166 
1-333 
1*500 
1-666 
1-833 
2-000 
2-166 
2*333 
2-500 
2*666 
2-833 
3000 
8-166 
3-383 


0-370 
0-565 
0-740 
0-926 
1-111 
1-296 
1-481 
1-666 
1*851 
2*037 
2-222 
2-407 
2-592 
2-777 
2-968 
8*148 
8-883 
8-518 
8-703 


0-407 
0-611 
0*816 
1018 
1-222 
1-4-25 
1-628 
1-888 
2037 
2237 
2-444 
2*647 
2-851 
8-055 
8-258 
3-462 
8-666 
3-870 
4078 


0*444, 
0-666 
0-888' 
l-llll 
1*888' 
1*566 
1*777 
2-000 
2-222 
2-444 
2*666 
2-888 
8*111 
8-888 
8-566 
8-777 
4-000 
4-222 
4*444 


0*481 
0-722 
0-962 
1-208 
1-444 
1-664 
1-926 
2*166 
2-407 
2*648 
2*888 
3-180 
8-870 
8*611 
8*851 
4*092 
4-888 
4-678 
4-814 


0-618 
0-777 
1087 
1-288 
1-656 
1*762 
2074 
2-888 
2-602 
2-862 
8-111 
8*870 
8*6*29 
8-888 
4-148 
4406 
4-666 
4-984 
6*184 


0-656 
0*888 


2 


1*111 


•5 


1*388 


8-0 


1*666 


•5 


1*944 


40 

•r> 

5*0 


2*222 

2*600 
2*777 


•5 


8*055 


60 


8*888 


•5.. .» 


8*611 


7-0 


8*888 


*5 


4- 166 


8*0 


4*444 


•S:. ::::::.::. 


4*722 


90 


6000 


•5 


5*277 


10-0 


6-555 
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0OKTBNT8 (BOARD MBA8URB) OF 1 LINEAL POOT OF TtMBBR. 



Brth 
In in. 


Thickness in inches. 


2 


18)4 


5 


6 


7 1 8 


9 10 


11 


12 


13 


14 


18 8- 


'4-6 6- 


7-5 


9- 


10-5 


12- 


13 5 15- 


16-6 


18* 


19-5 


21- 


17 12"" '"5 


5-66 


708 


8-6 


9-92 


11-33 


12-75 1417 


15-58 


17- 


18-42 


19-88 


16 i2 




5-83 


6-67 


8- 


9'88 


10-67 


12* 1 18-88 


14-67 


16- 


17-83 


18-66 


15 '2 




5- 


6-25 


7-6 


8-75 


1000 


11-25 12-5 


13-75 


15- 


16-25 


17-5 


14 


2 




4-67 


5-83 


7- 


817 


9-88 


10-5 1167 


12-83 


14- 


15-17 


16-38 


13 


2 




4-83 


5-42 


6-5 


7-58 


8-67 


9-75 10-83 


11-92 


13- 


14-08 




12 


2 




4- 


5- 


6- 


7- 


8- 


9- 10- 


11- 


12- 






n 






««V 


4•^H 


5-5 


6-42 


7'33 


8*25 917 


1008 




10 






8-38 


417 


6- 


6-88 


6-67 


7-5 833 




To ascertain 


9 






8- 


8-75 


4-5 


6-25 


6- 


6-75 




eontents of piece 


8 






2e7 
288 


8-88 
2-92 


4- 

3-5 


4-67 
408 


6-38 






qf Umber. 


7 




Find in the 


6 






2- 


2-5 


8- 




table the contents of one foot and 


5 






1-67 
1-88 


208 






multiply by the length in feet of the 
■ piece. 


4 






3 








JSaum 


Bfe; What is the contents of a piece of timber 


2 


^ 






lOX 


11 ^^ 


) feet l4 


ongt 


9 -17X20=188-4 feet 


B.M 







TABLE 

8H0WIKO THE NUMBER OF VOLUMES OF VARIOUS OASES WHICH 100 VOLUMES 
OF WATBB, AT 60* FAHR. AMD 80 INCHBS BAROMBTRIO PRESSURE, CAN 
ABSORB. 

(Dr. Frankland.) 

Ammonia 7800 volumes. 

Sulphurous acid 8300 

Snlphnreted hydrogen 253 " 

Carbonic acid 100 •• 

Olefiant gas 12 - 5 " 

Tiii.n«in.i^n<> Y,«<^ww..«.Y^n<i S Not determined, but probably more 

Illuminating hydrocarbons -j goiuble than olefiant gas. 

Oxygen " 37 volumes. 

Carbonic oxide 1-66 " 

Nitrogen 1"66 " 

Hydrogen 1*66 

Light carbureted hydrogen 1 '60 " 

When water has been saturated with one gas and is exposed to the influence 
of a second, it usually allows a portion of the first to escape, whilst it absorbs 
an equivalent quantity of the second. In this way a small portion of a not 
easily soluble gas can exx>el a large volume of an easily soluble one. 

ABITHMETICAL SIGNS USED IN THE POCKET-BOOK. 

+ signifies ;>2tM. or addition. 
— ** minitf, or subtraction. 
X '* multipUcation. 
-♦- •* division. 
: :: : ** proportion. 
= »» equality. 
jf ** square root. 
f " cube root, etc. 
Thus, 
6 + 8, denotes that 8 is to be added to 5. 
6 — 2, denotes that 2 is to be taken from 6. 
7x8, denotes that 7 is to be multiplied by 8. 
8-1-4, denotes that 8 is to be divided by 4. 
2 : 8 : : 4 : 6, shows that 2 is to 8 as 4 is to 6. 
6 + 4 =: 10, shows that the sum of 6 and 4 is equal to lOti * 
A/8, denotes the square root of the number 8. 
r6, denotes the cube root of the number 6. 
7*, denotes that the nnmber 7 is to be squared. 
8*, denotes that the number 8 is to be cubed. 
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The Bar denotes that the nnmben or quantities are 



tob( 



taken together : thns 

6"^=^ + 8 = 12, or 5 X T+1 = 85. 

The same may be expressed by the ( ) Parentheses; as (2 + 6) X 4 = 3S. 

A Decimal Point is a period ( * ) prefixed to a nnmber to show that the mast 
ber is less than unity (1); thus -2 = A*. '85 = ^; 575 = 5^ or 3%; 1-25 = 
1^ or l}i\ -00375 = jijSU etc. 

Degrees are expressed by writing " over them, as 24* for 24 degrees. 

lanutes are marked by an accent ( ^ ). 

Seconds, thos (''), etc. Thus, 80* 40^ 4^^ Is read 80 degrees, 40 minutes and * 
seconds. When used in dimensions the single mark denotes feet and the doo 
ble mark inches. Thus, 4^ ft^Ms 4 ft. 6 in. 

ALGEBRAIC CHARACTERS. 

Algebra Is a method of investigating quantity by means of general charact^ 
called symbols. In addition to the anthmetical sijgns already given, the diifd 
ent letters of the alphabet ^re used to represent different qnanuUes. 

To illustrate algebraic symbols let I denote the length, b the breadth and h t\u 
heighth of a mine car. If it be desired to divide the height into l^e product 
of the length and breadth, it is expressed as follows^ 

lb 



When two or more letters are placed together, without anything betweei 
them, it is understood ttiat the quantities represented by those fetters should m 
multiplied together. If I represents 8 and b 4, then 4 and 8 are multiplied 
together; thus, 4 X 8 = 82. 

if it be desired to divide the height into the sum of the length and breadtl^ 
it is thus expressed: 

l + b 



h 
The square of the length multiplied by the cube of the breadth, thns: 

The square root of the length divided by the cube root of the breadth, thus: 

The square root of the difference of the length and breadth divided by tb 
height, thus: 



A 

The square root of the quotient of the sum and difference of the length ad 
breadth, thus: 

'l-^b 



i/S 



GRAVITY. 
(I'rom MoUsworth,) 
K = Number of seconds. 
B Space fallen through in feet. 
y Velocity in feet per second, acquired in N seconds or S space. 

V N X 82-2. 

V V 8 X 64-4 = -8025 V S. 
S N« X 16*1. 
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^ese f ormnie are approziiiiate, VaiPjring wltli the latitude and eleyation. 
L = Latitude. 

H Elevation aboye sea level In feet. 
R RaditiB of earth in feet. 
g Force of gravity, feet per second. 
g d2'1809 at London at the level of thejea. 



/ 2H\ 
g 32-1695 (1 — -00284 COS. 2 L) f 1 j 

If 2 lat be obtnse, then— 

/ 2H\ 
g 32-1695= [IX •0a284(co8. 180-2 L)]/l \ 

R = 20,923,000 at the equator. 
20,853,000 at the poles. 
20,888,000 mean radins. 

CENTBIFUOAL FORCE. 

W = Weight of revolving body in ponnds. 
R Radius or distance from centre of motion. 
N Number of revolutions per minute. 
P Centrifugal force in pounds. 
P 00034 W R N«. 
2941 P 

W 

RNa 
Momentum is the mass of any body, multiplied by Its velocity in units of 
dlKtance: for example, by feet per second. 

Impulse is the force (say feet per secoijd) multiplied by the time during 
which it acts. 

VELOCITY DUE TO DIFFERENT HEIGHTS. 



Fall In feet. 


Velocity ft. 
per second. 


Fall in feet. 


Velocity ft. 
per second. 


Fall In feet. 


Velocity ft. 
per second. 


1 


8 


50 


67 


275 ■ 


133 


2 


11-3 


60 


62 


800 


139 


8 


13-9 


70 


67 


825 


144 


4 


16 


80 


72 


350 


150 


5 


18 


90 


76 


875 


166 


10 


25 


100 


80 


400 


160 


15 


31 


125 


90 


450 


170 


20 


36 


150 


98 


500 


179 


25 


40 


175 


106 


550 


188 


30 


44 


200 


113 


600 


196 


35 


47 


2-25 


120 


800 


2-27 


40 


51 


250 


127 


1000 


254 
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COAL DEALERS' COMPtJTING TABLE ^OBf ASCBRTAIimTG THE 

PRICE OF ANY NUMBER OF POUNDS, AT A GIVEN 

PRICE PER TON OF 2,000 POUNDS. 



i 


$0.75 


$1.00 


$1.25 $1 


.50 


$1.76 


$2.00 


$2.25 


$2.50 


$2.^ 


10 


•01 


•01 


•01 


oT' 




01 


•01 


•01 


•01 


•01 


20 


•01 


•01 


•01 


02 




02 


•02 


•02 


•03 


•03 


80 


•01 


•02 


•02 


02 




03 


•08 


•03 


•04 


•04 


40 


■02 


•02 


•08 


08 




04 


•04- 


04 


•05 


•06 


' 60 


•02 


•02 


•03 


04 




04 


•05 


•06 


•06 


•07 


60 


•02 


•03 


•04 


05 




05 


•06 


•07 


•(J8 


•08 


70 


•03 


03 


•04 


05 




06 


•07 


•08 


•09 


•10 


80 


•08 


•04 


•05 


06 




07 


•08 


•09 


•10 


•11 


90 


•03 


•04 


•06 


07 




08 


•09 


•10 


•11 


•12 


100 


•04 


•05 


•06 


08 




09 


•10 


•11 


•13 


•14 


200 


•08 


•10 


•13 


15 




17 


•20 


•23 


•25 


•28 


800 


•11 


•15 


•19 


28 




26 


•30 


•34 


•38 


•41 


400 


•15 


•20 


•25 


80 




35 


•40 


•45 


•50 


•55 


500 


•19 


•25 


•31 


88 




44 


•50 


•56 


•63 


•69 


600 


•23 


•30 


•37 


45 




53 


•60 


•68 


•75 


•83 


700 


•26 


•85 


•44 


58 




61 


•70 


•77 


•88 


•96 


800 


•30 


•40 


•50 


60 




70 


•80 


•90 


100 


110 


900 


•34 


•45 


•56 


68 




79 


•90 


101 


118 


r24 


1000 


•38 


•50 


•63 


75 




88 


1-00 


118 


1-25 


1-88 


1100 


•41 


•55 


•69 


88 




96 


no 


1-24 


1-38 


r51 


1200 


•45 


•60 


•75 


90 




05 


120 


r85 


1-50 


r65 


1300 


•49 


•65 


•81 


98 




14 


1-30 


146 


r63 


1-79 


1400 


•52 


•70 


•88 1 


05 




22 


140 


1^58 


175 


1-93 


1500 


•56 


•75 


•94 1 


18 




31 


1-50 


1-69 


vm 


2-06 


1600 


•60 


•80 


100 1 


20 




40 


1-60 


1-80 


2^00 


220 


1700 


•64 


•85 


1-06 1 


28 




49 


1-70 


191 


213 


2-^ 


1800 


•68 


•90 


118 1 


85 




58 


1-80 


203 


225 


2^48 


1900 


•71 


•95 


119 1 


48 


1-66 


1^90 


214 


288 


2-61 


i 


$8.00 


$3.25 


$3.50 $1 


J.75 


$4.00 


$4.25 


$4.50 


$4.75 


$5.00 


10 


•02 


•02 


•02 


•02 


•02 


•02 


•03 


•03 


•08 


20 


•08 


•03 


•04 


•04 


•04 


•05 


•05 


05 


•05 


30 


•05 


•05 


•05 


•06 


•06 


•07 


•07 


•07 


•08 


40 


•06 


•07 


•07 


•08 


•06 


•09 


•09 


■10 


•10 


50 


•08 


•08 


•09 


•09 


•10 


•11 


•12 


•12 


■18 


60 


•09 


•10 


•11 


•11 


•12 


•18 


•14 


•15 


■15 


70 


•11 


•11 


•12 


•18 


•14 


•15 


•16 


.17 


•18 


80 


•12 


•13 


•14 


•15 


•16 


•17 


•18 


•19 


•20 


90 


•14 


•15 


•16 


•17 


•18 


•19 


•20 


•22 


•28 


100 


•15 


•16 


•18 


•19 


•20 


•22 


■23 


•24 


•25 


200 


•80 


•88 


•85 


•88 


•40 


•48 


•45 


•48 


•50 


300 


•45 


•49 


•53 


•56 


•60 


•64 


•68 


•72 


•75 


400 


•60 


•65 


•70 


•75 


•80 


•85 


•90 


•95 


100 


500 


•75 


•81 


•88 


•94 


100 


1-or 


118 


1-19 


1-25 


600 


•90 


•98 


105 1 


•13 


120 


128 


185 


148 


1^60 


700 


105 


ri4 


r23 1 


•31 


1-40 


149 


1-58 


1-67 


1-73 


800 


120 


r30 


1-40 1 


•50 


vm 


170 


rso 


1-90 


2^00 


900 


1-35 


146 


1-58 1 


•69 


vm 


1-92 


208 


214 


225 


1000 


150 


1-63 


1-75 1 


•88 


200 


2- 18 


225 


2-88 


2-50 


1100 


165 


1-79 


193 2 


•06 


2-20 


2-34 


2-48 


262 


2-75 


1200 


180 


1-95 


2-10 2 


•25 


240 


2-55 


270 


285 


800 


1300 


1-95 


211 


228 2 


•44 


260 


2-77 


293 


809 


3-25 


1400 


210 


228 


245 2 


•68 


2^80 


2^98 


3- 15 


388 


3-50 


1500 


225 


2-44 


2-68 2 


•81 


300 


3^19 


888 


8-57 


Z'Tfi 


1600 


2-40 


2-60 


280 8 


00 


320 


340 


8-60 


8-80 


40D 


1700 


2^55 


276 


2^98 8 


•19 


340 


3-62 


8-83 


4-04 


4-85 


1800 


2-70 


2^93 


815 3 


•88 


8-60 


3-83 


405 


4^28 


4*60 


^<HX) 


2-85 


809 


3-88 8 


•56 


8-80 


4-04 


4-28 


452 


475 
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By B. H. La WALL, C.K., E.M. 
A faalt generaUv means a fracture or disturbance of the earth's strata break* 
ingtbe continuity of the beds. 
There are several kinds of faults, e. g.: 



Faults of Dislocation, i^. 1. 




Fig. 1. 



Faults of Denudation, Fig. 2. 



Faults of Upheaval, Fig. 8. 



Trough Faolts, Fig. 4. 



Beverse or Overlap Faults, Fig. 5. 



8t^ Faolts, Fig. % 
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Thinning Out Faults, Fig, 7. 




Fig. 7. 



Faults of dislocation {Fig. 1) are sometimes of many hundred yards throw 
(the extent of the movement of the fault). 

Faults of denudation (Fig. 2) are frequently of great extent, sometimes being 
several hundred yards in width and running through miles of country. 

Faults of upheaval, trough faults and reverse faults are not of common occur- 
rence; but step faults and thinning out faults are to be seen in almost every 
coal field. 

When the contiguous waUs (the rocks on the sides of the fracture) have been 
rubbed and ground together, so as to produce polished or grooved surfaces, the 
grooves show the direction of the movement, and the polished parts are called 
dickensides. 

The wall of an inclined fault, vein, etc., toward the zenith, is the Jutnging- 
wall, roqfoT top ; the opposite one is %\iefoot-waU. floor or bottom. 

The dip (inclination to a horizontal plane) of beds is normally 0"; of veins, 
faults and dykes it is usually in excess of 45°. 

The oiientaiion of a fault, bed, vein or dyke is the determination of its dip, 
and the magnetic bearing of the point toward which the horizontal side of the 
dip angle is directed. 

Schmidt's Law.— In faulting, the hanging-wall 
of the fault has generally slipped down upon the 
foot-wall (See Fig. 8), and in meeting a fault, we find 
the faulted part by following the obtuse angle. From 
a 6 to find c dy we follow the angle abc instead of abe 
—while, in coming from tf, we follow deb. Faults 
generally agree with this law. Those, whose movement 
fe contrary to this law, are called reverse fahlts. 

PitoBi^Kv..— Having given the orientation of a fault 
and a bed^ vein, etc., to And the nature qf the mxnoer 
ment of the faulted part of the same. 

In this case we consider the part of the bed, in 
which we are working, as the one that was stationary, 
though it may have been the one that moved, or though both walls of the fault 
may nave had motion. On meeting the fault we examine its walls carefully, to 
ascertain whether any groovings exist. If we have met the fault at diflferent 
levels in the bed or vein, and fl our explorations are sufflcienlly extended, we 
may find sufficient evidence to solve this problem. 

It frequently happens, however, that the earth- 
movement that produced fracture, separated the walls 
so that they were not contiguous during the movement 
of faulting, and the open space has been filled with 
detritus washed in from above, or with a decided vein 
formation. 

In such cases we must depend upon other data than 
that considered in this problem. If, however, the walls 
have been contiguous during the faulting movement, 
we shall find grooves on the hard parts. 

1. Let the plane of the paper represent the plane of 
the fault, and A B {Figs. 9, 10 and IX) be the trace of 
the intersection of the bed and fault. Let a, b and e 
be where the three levels (Figs. 9 and 10), on the bed, 
meet the fault. In Fig. 9 the groovings or striations, 
represented by the arrows, are found to be parallel to 
one another. In this case the faulted part moved in a 
straight line, each portion moving over an equal dis- 
tance, and we shall find the faulted part in the direc- 
tion of the arrows, either up or down. TWs wovem^n^ is called a 9traight 
/QUU, ^ ' 




Fig. 8. 




Pig. 9. 
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2. In I^. 10 we find that the 
groovingB or striations are not 
parallel to one another, bnt make 
different angles with A B. This 
shows that the fault is not a 
straight one, bat has been pro- 
dnced by a rotary movement. 
Such are called rotary faults. 
If normals to the grooving 
drawn from a, 6 and c, inter- 
aect at R (Fig. 10), the groov- 
inesare shown to be circalar, 
and the point R to be one of 
rest Snch a movement gives a 
drcyiar fault, and at R there is 
no fautting^ only a twisting of 
the strata. 

3. It frequently happens that 
we •find more than one set of 
groovings at a, b and e (see Fig. 
11), and that these sets may be 
arranged in groups, each group 
having a common center. If the 
various groovings have not ob- 
literated one another and pro- 
duced plane slickensides, we may 
be able to plot these groups as 
111. 222, 388, in Fig. 11, and to 
find that these centers of rota- 
tion, R, R^ R'', are arranged on a pi» ^^ 
straight line or curve of some sort 

Snch a movement produces a trockoidalfaulU and tMs is ths usual mode of 
faulting. 

It frequently happens that the center of rotation is at such a distance from 
the place where the fault is studied, that the limited portions of the arcs of 
striations observed seem to be straight lines, and the movement is classed as a 
straight one. For a limited amount of throw this assumption will not cause 
great inaccuracy in sub8equent work. 

FnosLKM.— Having given the orientation qf a fault and a bed, and having 
ascertained the nature qf the movement to find the direction in which to search 
for thefauUed bed. 

We must form an accurate idea of the strata of the district. This is obtained 
by a study of outcrops: by sections of strata obtained along tunnels or shafts : 
or by cores from bore holes. From these data we obtain a knowledge of the 
ord^r of succession of the various beds, and the thickness and nature of each 
stratum. We find that each has characteristics peculiar to itself, and when 
studied in connection with the rocks on either side of it, can be readily 
identified. 

Bute.~If the fault outcrops, we can determine the stratum on each side of it, 
and, by a reference to our section, as determined above, ascertain at once the 
direction of the movement. 

Bule. — ^If no outcrop occurs, we must studv the rocks of the opposite wall of 
the fault, as we strike it in our underground work, and, by identifying them, 
learn the direction, as in the rule above. 

To show how this will be done in either case, let us suppose that the follow- 
ing is the section shown by out- 
crops, by a tunnel, or by a shaft or 
vertical bore hole (Fig. 12). 1, 2, 3, 
etc., represent the junction planes 
between the beds. A, B. CT, etc., 
represent the beds themselves. 

Under the first rule given above, 
let us suppose that tne hanging- 
wall of the outcropping fault gives 
sandstone B, while the other Is in 
state M. Tliis shows that the hang- 
ing-wall has sunk, or the other 
I risen, nearly the whole depth of the 
diaft. 

Under the second rule given above 
jet jM j^ wipjKMM Jli^ljygnction 
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while driving a level upon it we meet a fault, and find in the opposite wall 
of the fault elate A. This shows as that the opposite wall has sunk through 
the vertical distance between slate A and 9. 

Bvle.—It the faalt be a straight one, there will be no difference in the dip of 
the strata of the walls of the fault; if the fault be rotary, the strata on either 
side of the fault will have different dips, and the difference will increase with 
the amount of rotation. 

Rule*— It the center of rotation be in the foot wall of the bed in which we are 
workinfiT, and we find the strata on the farther wall of the fault to have a dip 
greater than on the nearer wall, we must go down the fault to find the faulted 
part; if the strata have a lescer dip, we must go up the fault. If the center of 
rotation be in the hanging-wall of the bed, and the strata of the farther wall 
have a greater dip, we must go np the fault; if they have a lesser dip, we must 
go down. 

This can be shown more compactly by the following : 

Strata on opposite wall of fault have— 
Greater dip. Lesser dip. 



. Centre of rotation in hanging wall. Go up the fault. I Qo down the fault. 
Centre of rotation in foot wall. Go down the fault. I Go up the fault. 

It frequently happens that the movement of faulting was accompanied by a 

great pressure of the walls together, so that the ends of the strata were bent 
uring the sliding of the walls upon one another. In this case we shall find 
that the dip of the bed, in which we are working, varies suddenly as it 
approaches the fault, as in Figs. 13 and 14. 





Fig. 18. Fig. 14. 



Bute.— In a fault, as just described, the strata **rlse to the upthrow and dip 
toward the downthrow." 

If, therefore, as we face the fault its plane passes under our feet and the bed 
in which we are working suddenly acquires a steeper dip, as it meets the fault, 
we go up {Fig. 18); if it becomes flatter, we go down (Fig. 14) If, however, 
the plane of the fault passes over our heads we must, in similar cases, go in 
opposite directions to those just given, as in Figs. 18 and 14. 

BHOVBD FAULTS. 

Shoved faults, as well as the folding of strata and slip faults, are a result of 
the horizontal pressure arising in the sinking in of parts of the earth's crust. 
Under this term are to be understood those irregularities in which a part of the 
previously folded or erected strata, with the inclosed deposit, was torn off by 
another formation and shoved away. In such cases the strata and the deposits 
appear to be curved in the direction of the movement, and gradually drawn oot 
even to disappearance, though no folding is observed in the vicinity of tiie 
shove, as occurs in folded faults. In addition, the plane of dislocation often 
exhibits traces of the movement in the shape of sUckensides and striatiops. 

PROSPECTING SHOVE FAULTS. 

The principal signs by which one may recognize a fault as a shove fault, are. 
according to the foregoing paragraphs, the bending and^adual thinning out of 
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R depoeit, without folding. If these signa are evident and not to be mistaken, 
%e can considcr.ab a f oitiier means for recognizing a f^bove f salt, that the bemiing 
vmH alwctys be tciken, mare or less, in the sense qfa harizonUMy ckcting force. 

If an irregnlarity has been recognized as a shove fault, we can employ the 
following rule for reprospecdng i^ without using construction or calculation: 
Cross the shade (plane of dislocation) and seek the shoved part qfths d^potU on 
that side toward which the bend is incUned, « 

LCDS DISKVPTIONS. 

Lode dismptions appear under similar phenomena as slip faults, I. €., a lode 
eeases on or in a fault, and continues on the other side, not however with the 
tame strike, but with a lateral faulting. The lateral faulting is not, however, 
the result of the down-slip in the hanging-wall of the faulter, but is the result 
of circumstances connected with the original formation of the fissure. 

I A lode disruption corresponds completely to an ordinary change of strike, as 
occurs very often in lodes, and which is based upon the fact that the fis^ure- 

' makingf orce did not everywhere find the same cohesion in the solid countrv 
rock. There is, however, one difference between a lode disruption and an ordi- 
nary change of strike, which is, that in the former there is not always a contin- 
uity between the faulted parts of the lode. In regard to this last point it Is to be 
observed that the disrupted lode appears badly fractured on one or both sides 
of the fault. 

In most cases just this circumstance Is safficient for recognizing a fault as a 
disruption, for when the faulter is a decomposed dyke, which is often water- 
bearing (as also the line of faults in the coal formation), we can comprehend 
that the country rock in its vicinity was also decomposed, and that the nssuring 
force could cause fracturing at this point of the country rock. On the contrary, 
the circumstance that the niulted parte of the lode, if Ihey are supposed to be 
shoved together, do not fit each other, is not a characteristic sign for a disrup- 
tion, as the same appearance is met with also in shove faults. 

The same is the case with the fine stringers or lode seams within the faulter, 
especially when the lode meets the faulter, not under an acute angle, but under 
an approximate right angle, and makes a hook-like bend before reaching the 
faulter. 

A disruption can be Judged with some probability only when the lode meets 
the faulter at an acute angle, and when the material composing the faulter 
is somewhat soft. If the angle is. for instance, a right angle, we cannot under- 
stand how cracks can run out af^nst and across the direction of the prees- 
nre; and if the material of the faulter is hard, a disruption is improbable. 

PROSPBCTINe OF ▲ DISRUPTION. 

In a fault, the formation of which was dependent upon such accidental cir- 
cumstances as a change in the cohesion of an unfractured country rock, a rule 
for prospecting cannot be given. The little stringers which, lying near or in 
the faulter, connect tbe faulted parts of the lode, offer the sole suggestion. 

Should no change of bearing be found, which must always be assumed in the 
bending of a lode before the faulter, but a shove fault, the purpose of the rale, 
viz., the prospecting of the faulted parts of the lode, would always be attained, 
bat the question whether the fault belonged to the one or the other kind would 
be a theoretical one. 



APPLICATIONS OF ELECTRICITY TO COAL 
MINING. 

By Frahcis A. Pocock, M. E. 

BIONALnrO APPLIANCES. 

Batteries. — Leclanche batteries in various forms can be bought at any 
establishment dealing in electric bells, etc. The Leclanche battery in composed 
of a glass vessel, in wnich is placed a zinc rod and a solution of sal-ammonia^c and 
water, forming the positive pole, and a porous cell in which is a carbon plate 
packed tight with binoxide of manganese. When in good working order, the 
Electro-Motive Force (E. M. F.) of this battery is 1-46 volu. 

To olHaU( ^9 ^( reeoita^ the sal-ammoniac should nearly all be diasolved ' 
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the water. As long as the water has a distinctly acid taste^ there is nothing 
wrong with the solntion; if it does not have this taste, add more sal-ammoniac. 
The zinc will coat with crystals; these should be removed by scraping and hot 
water. If the cell gets coated with crystals, it should becleaned. If it gets red or 
rusty, it is worthless and should be thrown away. The binding points must be 
kept clean. Make a practice of cleaning the battery often. Don^t let the glass 
jar get covered with dust or whittf deposit; if this should occur, the jar is too 
full. DonH scrape the parafline off the top of the jar; therefore don^t wash jars 
in warm water. If the battery runs down qnickly, there is trouble on the line. 

The battery should be kept in a dry place, as it will work better. Each cell 
should have its own cover to prevent dust getting in. This is an open circnit 
battery and quickly runs down if there are grounds or there is much leakage on 
the wires. It is the battery, most used in signalling and telephone work. 

Orarity Batteries.— These are for closed circuits and not for open ones. 
They are composed of single large glass jars with a copper plate at the bottom, 
and an insulated wire attached to it passing through the fluid. Hanging in the 
jar is a plate of zinc with a terminal screw. The fluid is water in which is 
poured olue vitriol, making a deep blue solntion. As long as the cell is doing 
Its duty, the blue color remains, but dies out if there is anything wrong inside 
the cell. The zinc will, in time, become coated with a dark spongy matter. It 
should then be taken out and cleaned, even if the blue is still good. When the 
zinc wears out it shonld be replaced, and the cells should be kept well covered 
to keep out dust. The terminals shonld be kept clean and screwed down tight 
If the battery is not connected right it will be less powerful. 

Bells.— The bells should bo frequently and carefully examined, not only when 
there is trouble on the line and yon can get no signal, but at stated periods 
as well. 

The binding posts shonld make good, firm and clean contact with the lead 
wires to the bell. The lead wires from the coil to the post must be in good 
order, as well as the wire entering the coil. The adjustment screw must be 
tight and not liable to work loose. The moving contact mnst be clean, both oa 
the post and the spring. The adjustment mnst not be too hard or too hght for 
the battery, and the armature screws must be firm. 

Single stroke bells have one great advantage over vibrating bells, becanae the 
bell has not to break the circuit to make a sound. The line wire runs to one 
binding post, and the lead fastened to that post only goes through the coils and 
to the other binding post to which the return wire is attacned; in this way there 
are fewer parts to get out of repair, and there is no place where a little bit of 
dirt can break the circuit. There is, however, one point in their use that must 
be remembered— that is, that galvanized iron or hard drawn copper wire is 
necessary, because the bare iron wire rusts too quickly in the damp air of tbe 
mine, and rust will prevent the bell working well or being reliable. A great 
advantage in si^alling is that the single stroke bell gives a more definite signal 
than the vibrating bell. 

Wire.— If the mine air is damp, it pays to put in a copper or phosphor bronae 
wire, because the iron wire (even if galvanized) will rust in time, and the signals 
are more or less deranged. One smash up will cost far more than the difiTerence 
in the orice of the wire, and it is false economy to save in this direction. 

The wires, for there must be at least two, should be strnng along the roof 
timbers, as in that position they are most out of the way of trouble n'om trips 
leaving the track, and are only in danger if the trip ends up. (As the trip-rider 
is usually on the rear end of the trip, this is of importance; for if the wires are 
broken, the break is between him and the engine and he can make no signal.) 
If the wires are broken and the ends fall togetner, the bell will ring until they 
are separated, and thus cause confusion in the engine house. 

In stringing wires, enough slack should be left to allow the trip-rider to briug 
them together to make the signal. Too much care cannot be taken to prevent 
the wires from touching any of the wet timbers of the gangway. More than 
one system has been condemned because care had not been ejiercised in putting 
up the wires. If they touch the wet timbers, the batteries will run down, more 
or less, and there will be continual trouble. They shonld be run on insulators 
everywhere. Wood is always more or less wet, ana is not to be trusted at all. 

In running hard copper wire in the mines, do not let it kink; that will make 
it break. Do not use the hard wire as a binding wire. Be sure that every 
insulator is so placed that running water does not flow over it— it will make a 
ground in a very short time. Keep the wires an even distance apart and in the 
same relative position— the man can then find them in the dark. See that the 
wir^ caimot swing together by a mere touch, or it will make a false sigiuO. 
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Failts and Testing.— The easiest fault to find is a break; usually the wire 
will bang right down and show itself. In repairing a break, see that the ends 
of each wire are clean; scrape them with a knife. Take three inches of each 
wire, bend the ends at right angles, and twist one wire aroand the other. Don't 
be satisfied by juet hitching the wire together, for it will make trouble in a very 
short time. If possible, solder the joint at onc^— if not at once, as soon as 
possible. 

Another fault is a bad joint. It is usually the product of a badly repaired 
break, and is much harder to find. The easiest way to find it is to put the ends 
of two short wires in your mouth, and touch the other ends to the two wires of 
the circuit. As soon as you pass the bad joint, the current will be much 
weaker, and by the strength of the current you can locate the trouble. 

A ground is a leak in the insulation, and is the hardest fault to find. By 
watcning carefully you can sometimes see where the leak is. If you cannot 
find it in this way, proceed as follows:— First find which wire the trouble is on. 
To do this, first disconnect one wire from the battery. Use the mouth wires by 
putting one end to the battery and the other to the rail or rope; if you get no 
corrent, try the other wire to the battery. The wire you get a current on Is the 
p-ounded wire; follow along this wire until the current stops. You will then 
find it necessanr to break the wire. If you get a current by puttiufir the ends 
into your mouth, the ground is in front of you; if not, the ground is behind or 
nearer the battery. Do not make the breaks too close together. When you 
have located the ground within a few hundred feet, go over the wire carefully 
and try to see where the ground is. The less breads }rou make, the better. 
Before looking for trouble of any kind, be sure it is not in the battery or bell. 
Tejit each part carefully. 

It pays to put up the wires in sections, making the joints in dry places. The 
wooden base should be well dried, boiled in paraffine, and screwed in its place. 
The joint should be made by bending each end of each wire around a brass 
screw, and three copper washers should be used on each joint. There should 
be one washer on the wood, then the end of one wire, then another washer 
and the end of the other wire, and a washer on top of all. The screw should 
be well driven in, and you have a number of stations where you can test your 
wires at any time. 

AFPUOATION OF POWER. 

The object of this section is to convey to colliery managers an appreciation 
of the measurements of electrical power, the relation of the different terms to 
each other, and their counter-parts in steam practice, as far as this can be done 
to illustrate the subject. 

It must be borne in mind that the terms used in electrical practice were 
adopted in 1884, when people were just be^nning to consider the possibility of 
the use of electricity as a means of transmitting power. To define the various 
items, they had to take the most constant forces then in use, and to give the 
powers developed in terms of the unit. 

Steam and its power are conveyed to our minds in horse power— that is, a 
horse power is 33,000 lbs. raised one foot in one minute, and this is just as 
mnch as 33 lbs. raised 1,000 feet in a minute. Therefore, the horse power is 
33,000 ft. lbs. per minute, and the horse power of electrical work is the same. 

ELECTRICAL TERMS. 

AccwmuUUor—SXotSi^Q or secondary battery, in which electricitv has been 
carried and has been converted into chemical energy, being re-transformed into 
electricity when the battery is put to use for the purpose of furnishing energy 
or light. 

Anode— lihe positive pole of a battery. 

J.fC— The space between the points of the carbons in an electric light or lamp 
which is bridged by the current represented by the flame. 

Armature— ^\ie revolving arm of an electric generator. 

Battery — A primary battery is one in which electricity is obtained through the 
decomposition of metals in chemical solutions. Zinc and copper may be the 
metals and sulphuric acid the chemical. Gold, silver, platinum, iron, or tin 
may also be used as the metals, and sal-ammoniac, bichromate of potash, nitric 
acid and sulphate of copper may also be used as the chemicals. The storage 
battery is a cell of acidulated water, containing, for example, plates of lead. 
This arrangement has an electric current directed into it, which it will give 
^k in almost an e^ual qnantity when the energy is wanted. There are various 
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methods and ways of making both primary and secondary or Btorage>batteries« 
but the above are the generaJ principles governing their constraction. 

Brush— The copper string which connects with the commatator of a dynamo 
and gathers the electricity for the conductors. 

Candle—Our unit of illuminating power. 

Carbons— Hods of carbon are used in arc lights for first establishing the car- 
rent, and then, when withdrawn, form the arc over which the electric flame 
leaps. They are made of powdered coke by a secret process. 

Cfe^— The vessel in which chemical action produces electricity. 

Circuit— The path along which an electric current travels. 

('ommutcUor— The collector of the electricity generated, and from which the 
fluid is taken by the brushes. 

Condenser— Ad. arrangement for collecting a large quantity of electricity on a 
small surface. 

Conductivity— The comparative ability of a substance to convey a current of 
electricity. 

Conductor— Convevon of the electric current, silver being the best, and cop- 
per next, in conductivity. 

Gore— The iron that becomes magnetized in an electro-magnet. In helix, 
this iron is of the softest kind. 

Current— The flow of electricity along a conductor. Its strength in amperes 
is found by dividing the electro-motive force in volts by the resistance in onms. 

.^namo— Machine for converting mechanical power into electrical energy. 

Mectrode—A pole of a battery. 

^iectro-motive force— The power that constitutes or moves electricity. 

^^ro-maand— The soft iron core around which insulated wire is wound. It 
becomes hignly magnetized when the current is sent through the coil, and is 
much more powerf ulthan a permanent magnet, but its magnetism is lost when 
the current 18 broken. 

I'arad— The unit of electrical capacity. 

Galvanometer— An instrument for measuring an electric current and for 
detecting the presence of electricity. 

Horsepower, Electrical— A unit of power equalling 746 watts of electrical 
energy. A current of one ampere and 746 volts is an electrical horse power. 

Induction— The property by which one body having electrical, galvanic, or 
magnetic polarity, causes it or induces it in another body without having actual 
contact, in other words, an impress of molecular force or conditions from one 
body on another without direct contact. An electric current in a wire induces 
currents in conductors parallel to it. 

Insulators— SuhBtsinceB possessing high resistance, such as glass, vulcanized 
rubber, paraffine, etc. When covermg a wire along which an electric current 
is passing, it prevents loss of power by conduction, and makes the wires 
heavily charged safer for handling. 

Joule— The union of heat and work which is expended in forcing one coulomb 
through one ohm. It equals '7373 foot pound. 

Magnet— A magnetized piece of iron or steel, capable of attracting iron or 
steel Dodies and of inducting electric currents. 

Negative— The terminal of a generator, where the positive current returns 
after traversing its circuit. Negative electricity is an amount less than the 
substancQ would naturally contain. 

Polarity— A magnet suspended so that its movements are unrestricted in any 
direction will turn one point to the North, the other to the South. Hence the 
North and South poles of the magnet. 

Pole— The terminal of a generator. 

Positive— The point of a generator where the positive current leaves it. 

PW^nrto/— Appliable electro-motive force corresponding to pressure or head 
in hydraulics. 

Power— The rate of doing work. 

Besistance-The opposition that a current meets in traversing a conductor. 

No one has been able to tell us what electricity is, and it has not assumed a 
bodily shape so far. Therefore it is only known by what it does; and, after 
all, this is the most satisfactory way to Idiow anything. So far it has not been 
found in a serviceable form in nature. What we have to deal with is the 
electricity generated by the use of machinery, and which, after being sent to a 
given place, is turned into mechanical power. As in every other form of trans- 
mission of power, there is more or less waste, and what we have to consider 
are the causes, effect, and amount of this loss of power. To enable the reader 
to more readily grasp the subject, we will endeavor to give results, etc., in horee 
power, which we ^ unders^^md, Bl^^tyicity is a very suotUe agent, and ^\W^ 
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ftdjnstment will give the best resnlts, whicli means the least loss for the money 
invested 

To appreciate this f ally, and at the same time make things plain, it is 
necessary to understand and appreciate the names given to the different 
properties and the part that these properties play in the production of power. 

The OJan is the unit of resistante, and is equal to the resistance of a column 
of pure mercury, one square millimeter in section and 106 centimeters long, at 
the temperature of melting ice. 

A copper wire, 955C pure, Vioo 1°' diam., or 00085 sq. in. area and 1,000 ft. 
long, will, at 60** Pahr., offer a resistance of 1*0068 ohms. 

A Gterman silver wire, 86 in. long and »/joo In. dlam., at 60° Fahr., will offer 
a resistance of 1*12 ohms. 

I%e Volt is the unit of pressure to overcome resistance. It Is ^Z,© of the 
pressure exerted by a standard Daniell cell. * Sometimes this is spoken of as 
Electro-Motive Force (E. M. F.). The unit is the E. M. F. which has strength 
(pressure) enough to cause a current of one ampere to flow througli a wire 
whose resistance is one ohm. Therefore the volt is the difference or potential 
(pressure) between two points. These may be on one wire, or between two 
wires of the same system, or between a wire and the ground, or between a wire 
of one svstem and a wire of another. 

The Ampere is the unit of current or flow. It is the amount that one volt 
can force tnrough one ohm. One ampere can deposit 4*025 grms. of silver per 
hour. 

Volts B 

or using symbols,— = Amperes. 

Ohms R 

Th^ Coulomb is the expression of quantity or flow of one ampere in one 
second. 

77ie Watt is the unit of power. It is the rate of doing work, either useful or 
waste. Useful in converting electricity into mechanic&i motion, the heating to 
incandescence the filament in the glow lamp, or in maintaining the arc of light 
(burning carbon) in the arc lamp; or waste in heating the conveying wires, the 
generator or the motor. 

Watts = Volts X Amperes, Amperes X Amperes X Ohms, or Volts X 
Volts -+- Ohms. 

Volts X Amperes Amperes X Amperes Volts X Volts 

— = = = Horse-power. 

746 746 746 X Ohms 

So we find that the watt is »/74e of one electrical hoise-power, or 44*2359 foot- 
pounds per minute. 

The units of electrical power, etc., are symbolized as follows: 

Electro-motive force or volt E. M. F, 

Ampere or current C. 

Resistance or ohm R. 

Quantity or coalomb Q. 

Energy or joule W. 

Power or watt P. 



• The simplest Daniell cell is Sir "W. Thomson's tray form, made of a square dish 
of sheet copper, 6"X6"XU" deep. Into which is fixed, at f" from the bottom, a flat 
zinc plate, having V' clear between It and the copper. Sulphate of zinc solution 



solution over the elnc. The cell Is short-circuited a few minutes to deposit pu 
copper on the dish. When carefully made, the E. M. F. Is from 1 -072 to 1*075 volts. 
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C X E 

It must be evident that there are a great many yalnee of equaling^ 

746 
horse-power, and the calculation continually repeated is annoying and takes 
time, so We reproduce the valuable curves calculated by Mr. W. F. D. Craoe, 
which will give» at a glance, any of the combinations from ^ to 66 H. P. 



O 
> 



AMPERES. 



To show the method of using these curves, we give the following examples r 
Required the horse-power represented by volt meter showing ^, and the 
ampere meter showing 120. 

Following the lines from 220 volts and from 120 amperes until they meet, 
and then the curve that crosses them at their intersection, we find that it leads 
out between 35 and 86, so that the H. P. is SS\i. 

A battery is said to give off 100 amperes and 20 volts. This is equivalent to 
nearly 3 horse-power. 

A motor is receiving 20 ami>eres at 110 volts. This means that it is receiving 
8 horse-power. These combinations may be carried on indefinitely up to 66 
H. P., or 200 amperes and 247 volts. Again, if we are told that there are 

24,618 

24,618 watts being used, we know that it means = 33 H. P. 

746 
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But there is more in this table than we have yet shown. Suppose yon want 
to run a motor of, say, 15 H. P., and the E. M. F. of ^onr generator is 110 volts. 
by referring to the table of curves you find you will require 102 amperes or 
current. As there Is a loss in the line of 10^, that will give 99 volts at the motor, 
so yon will require 113 amperes of current. 

tn allowing for mechanical horse-power, there Is a lo$>s In the motor of some 
10^, there is a loss in the gearing of about the same, and there is the loss in 
the line. Then there is loss m the generator, and the friction lo^s in the 
engine, all of which must be added up before you get the indicated horses 
power of the engine that is necessary to drive the system and deliver the 
mechanical horse-power to the shaft that the motor drives and from which you 
wish to get the power. 

Let ns now take a case of transmission of power. Let us suppose that we 
require 20 H. P., and that it is to be applied 5,000 ft. away from the generator. 

First we must provide for the losses in each part of the work; these will be 
abont as follows: 

Horse-power delivered, 80*000 

W% loss in the gear, 2*282 

10% " " motor, . 2-48 24712 

10j< " " wire, 275 27*462 

10% " " generator, 8*06 80*51 

IQjt '« '* engine, 8*40 

Indicate horse-power required, 83*91 

Therefore the efSciency will be 58* W 

The losses will be 41*^ 

Total losses 13*902 H.P. 



To mn 24*7 or, say, 25 H. P. at 500 volts. We look at the curve and find that it 
only goes to 250 volts. 25 H. P. at 250 volts requires 75 amperes, and it will 
take fnst half this at 600, or 87*5 amperes, or 18,650 watts. Therefore we know 
the current required. And if the &. M. F. at the motor is to be 500 volts, and 

600 

the loss in the wire is 10$(, the E. M. F. at the generator must be 500 -| or 

90 
M6*5 volts, and the generator must give off 87*5 amperes X 556*5 volts or 
»,881 watts, or a trifle less than 28 H. P. 

The next thing to be settled is the wire to carry this current, and at the same 
time allow a loss of a little less than 10^. 

We will suppose that we have not a table of circular mils. Then we have 
C X C X R H. P. X 746 

seen that = H. P., therefore = R. 

746 . C X C 

The H. P. which we want to lose in the wire is 2*75, and the C, 87*6. Then 
2*75 X 746 

= 1*4581 ohms for the total length of wire, and this must be twice 

87-5 X 87*6 

the distance from generator to motor, or 10,000 feet, because the current must 

go and return. 

Our resistance is 1*4581 ohms, and as the resistances are given per mile, we 
must multiply by the 5,280 ft. in one mile, and divide by the 10,000 ft. of line, 
which will give us 0*76986 ohms. By consulting the following table of resist- 
ances, we find that the nearest wire to this is a No. Stand its resistance is 0*81254 
ohms per mile, and that it weighs 0*203058 lbs. per ft., and that the 10,000 ft. 
will weigh 2080*6 lbs., and the resistance will be 1*5381 ohms. 

Now the heat generated in the wire is the H. P. wasted, and our loss will be 
C X C X R 87-6 X 87-6 X 1*6381 

or = 2*9 H. P. 

746 746 

If we had taken a size larger wire, our loss would have been less than the 
Umit of 2*76,but m the difference is 0*16 H. P., we used the No. 8 wire. 
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TABLE Of COPPER CONlJtJCTORfl. 



1 

r 




Area. 


Copper Wire— Weight and Length. 




Inch. 


Circular 
MllB-da. 


Pounds per 
foot. 


Pounds per 

mile 
1,760 yards. 


Feet per 
pound. 


Mnesper 
pound. 


0000 
000 
00 


•454 
•425 
•880 


206116 
180625 
144400 


•623924 
•&i676" 
•43n05 


3294-32 

2886-89 
2307-92 


1-60276 
1-82895 
2-28777 


-000353058 
•00aW739 
•0004333 




1 

2 


•84 

•800 

•284 


115600 
90000 
80656 


•349928 
•272435 
244151 


1847-62 
1438*43 
1289* 11 


3* 85778 

3-6706 

4-0958 


•00054124 
•00069519 
OOOT/STS 


3 
4 
5 


•259 
•238 
•22 


WU81 
56644 
48400 


•203058 
•171465 
•14651 


1072- 15 
905-833 
773-56 


4-9247 
5^8321 
6-8255 


•0019327 
•00110457 
•0012927 


6 
7 

8 


•208 

•18 
•165 


41209 
32400 
27225 


•124742 

•098076 
•062411 


658-638 
517-844 
435286 


8-0166 
10- 1962 
12-1345 


•0016188 
•0019311 
•0022981 


9 
10 
11 


•148 
•184 
•12 


21904 
17956 
14400 


•066305 
•054354 
•04369 


350069 

286-99 

230-152 


15-0818 

18-898 

22-9418 


•0028564 
•0034845 
•004345 


12 
13 
14 


•109 
•095 
•083 


11881 
9025 
6889 


•035964 
•0-^319 
•020653 


189-893 
144-245 
110-1061 


27-805 

36-6046 

47-954 


•005266 
•0069326 
•009802 


15 
16 

17 


•072 
•065 
•058 


5184 
4225 
3864 


•015692 
•012789 
•0101828 


82^855 

67-6276 

53-7665 


63-7267 
781902 
98-203 


•012069 
014809 
•018589 


18 
19 
20 


•049 
•042 
•035 


2401 
1764 
1225 


•00726796 
•00533972 
•00370815 


388748 
28 1837 
19-579 


187-590 
187-276 
269*676 


-0860587 
-03&169 
051075 


21 
22 
23 


•082 
•028 
•025 


1024 

784 
625 


•00309972 
•00287312 
•0018919 


• 16-8666 
12-5301 
9-9892 


822-610 
421-884 
528-570 


-061100 
0798078 
•100108 


24 

25 
26 


•022 
090 
•018 


484 
400 
324 


•0014650 

•00121062 

•00098077 


7-7367 
6-39815 
6- 17844 


682-55 
8a6-888 
1019-61 


•129271 
•156417 
•198108 


27 
28 
29 


•016 
•014 
•013 


256 
196 
169 


•00077492 

•0005933 

•0005115n 


4-0916 

3-13264 

2-7011 


1290-44 
1685-48 
1954-76 


•24440 
-81922 
•870220 


80 


•012 


144 


•0004359 


2-30162 


2294-18 


•484498 
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1 

6 


Copper Wire— Length and Beslstance. 


Beststance and Weight. 




^"^X' 


icnesper 
ohm. 


Ohmt per 
foot. 


OtamBper 
mile. 


Ohmt per 
pound. 


PoondB per 
ohm. 


0000 

000 

00 


19966*5 
17497- 15 
18966-04 


8-7815 

8-81885 

2-64925 


•OOOOf50034 
•00006n58 
-000071489 


•264443 
801763 
•877465 


•000080272 
•000104529 
•000163553 


12457*5 
9668-7 
6114-24 




1 

2 


11198-17 
871880 
7818-60 


2*12086 

1*6612 
1*41V78 


-000069800 

•00011470 

•00012799 


•471505 
•60562 
•67680 


-000255196 
-000^102 
•00052422 


3928-56 
2876-18 
1907-59 


8 
4 

5 


6496-14 

5488-107 

4686*51 


l-280n 
lOSflM 
-887976 


-00015389 

-000182245 

-000213287 


•81254 

•962266 

1- 12616 


-00075786 

-0010629 

-0014568 


1319-50 
940-844 
686-911 


6 

7 
8 


8991-91 
8138-69 
2637*29 


-69448 
•499486 


-000250506 
-000818614 
•000879177 


1^82267 
r68228 
2-00206 


•0020082 
-00824863 
-00460101 


497-97 

307-822 

217-848 


9 
10 
11 


2121-84 
1739-40 
1894-98 


-401864 
•889432 
-264191 


-000471289 
000674911 
-000716882 


2488405 
3-03553 
3-78514 


-00710791 
-0105772 
0164462 


140-589 
94-548 
80-8042 


18 
18 
14 


1150-91 
874-258 
667-888 


217976 
* 185678 
12639 


-000868875 
'00114388 
-00149849 


4-58786 

5-603045 

7-91208 


•0241598 
•0418692 
•0n8588 


^-392 

23-8839 

13-9163 


15 
16 
17 


502-176 
400-2?6 
825-871 


•095109 

-orrsH 

•061718 


-00199134 
-00-244834 
•0080687 


10-5142 
12-9008 
1620274 


•126788 
•191045 
•301365 


7-8872 
5-2344 
8'31886 


18 
19 
20 


282*666 
170-879 
149*8916 


•04405 
-03S368 
•022475 


«0042996 
•0058621 
•00842708 


22^7014 
30-8991 
44-4947 


•59167 
1 09596 
2^aB254 


1-8904 
-912445 
-44003 


21 
22 
28 


99' 195 
76-9461 
60*5487 


-018787 
-014884 
•011467 


•01008116* 

•0181672 

-0166170 


63-2285 
69-5230 
87-2090 


825229 

5*54848 
8-73038 


•30748 
-18023 
-11454 


24 
25 
26 


46*8861 
38-748 
31-8860 


-008879 
•007338 
•005044 


-02188874 

-025806 

-06186144 


112-616 
136 285 
168-229 


14-5579 
21-3142 
32-4868 


-068691 
•046917 
-030782 


28 
29 


24*7967 
18-9865 
16-8710 


•004696 
•008595 
•QOSIOO 


-0408346 

-05266892 

-0610684 


212-914 
278-092 
322-522 


52-0367 

88-7724 
119-404 


-019217 
•011285 
•008375 


80 


18-9498 


•002641 


-07168826 


378^514 


184-482 


•006080 



ro riND THB 0O8T OF 0ONDUCTOB8 TO CONVEY ANY H0R8B POWER ANY DISTANCE 

Mr. Lemuel W. Serrell, M. E., gives the following excellent rule for calculat- 
ne the cost of conductors: . , . ^^ 

If 8 constant B. M. F. can be maintained at the motor terminals, any of the 
)e8t motors on the mwket will work satisfactorily, if properly installed. 

In eonsidering the line work and the methods of distribution, the following 
»t sbowB a curve for determining the size of wire to use, to carry a given 
lumber of ampdres with a given per cent, loss; the abscissas represent various 
roltagea from 110 to 1,600 volts, and tiie ordinates the corresponding constants. 
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which, when multiplied by the mean distance, or one-half the total len^^th of 
the circuit in feet, and the number of amperes to be transmitted, and divided 
by the per cent, loss, give the size of the wire in circular mils. That la: 
amperes X mean distance (feet) X 

Oircnlar mils = 

per cent. loss. 
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What will be the cost of a copper conductor to carry a current of 1,860 volts 
from a dynamo to a 100 H. P. motor 6,000 ft. distant, assuming the loss of 
power in the line at 205^, and the cost of copper 20 cts. per lb. f 

Ans.—Ks, there is a loss of 20 per cent, in the line the voltage at the motor 

will be 1,000. Assuming the efficiency of the motor to be 90jt, it must be 

supplied with 111 H. P., or 82,800 watts, which at 1,000 volts gives 82"8 ampdres. 

Referring to the curve, we find the constant for 1,250 volts is 1*83, and tne 

82-8 X 5,000 X 1-83 

cir. mils = = 37,875. 

20 
87,876 (the cir. mils) by 10,000 (the length of the circuit in feet), 
' -^ ' ' ^^ ■ -- ' qntX. 



gives the price of the copper at 20 cents per pound, equi 
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t\d the first and middle fin- 

umb of the riffM hand in a ^^^ v - • 

t right an^leB to each other, /X^-*"**^ 

^present (as shown by the PSgHSSS rs"^^ 




iHreetlom of Currents, etc-If anv circnit is being moved in a magnetic 
field, and it Is required to know the direction in which electricity is flowing in 
inv portion of the circuit which is 
cutting lines of force, proceed as fol- 
lows:— Hold the first and middle fin- 
ger and thumb < 
position at right 

80 as to represent ( . 

figure) the co-ordinate axes. Let the 

dTrection of the Forefinger represent / A^AJ 

the direction of the magnetic lines of / x ^n. x 

Force. Let the direction of the thumb ^^ 'VrK**' 

represent the direction in which the ^Jt^ *^i^<^ 

w&e or armature is Moving, then the ^/^ *''^ 

direction of the nUddle finger repre- 
sents the direction of the Induced 
current in the wire. 

The mle is easily applied to all parts of the armature of dynamo machines, 
for the direction of the magnetic field can always be ascertained by a pocket 
compass, and the forefinger being held parallel to the needle, with the finger 
pointing in the same way as the N, or marked end of the needle, while the 
thumb forms a tangent to the circle representing the revolving armature. 

If we nse the Itffnand in the same manner, the thumb indicates the direction 
of motion of a motor armature, due to a current flowing in the direction indi- 
cated by the middle flnger. —J. A. Fleming, D. 8c. 

If a compass needle m held ttndemeath a wire in which a current is flowing, 
and the Forefinger of the left hand he placed above the wire parallel to the 
needle of the compass and pointing in the same direction as iu North pole, then 
the Middle finser. held as iu the above figure, at rieht angles to the Forefinger, 
will indicate the direction of the current in the wh:e. ^A. Jamieeon. 

YALUABLB RECIPES FOR ELECTRICAL WORK. 

ImsalatiBg Tarnishe8.~i?e<f txtmieh for wood, etc., seallns: wax dissolved 
in alcohol, and painted on with a brush in successive thin layers, say four or five. 

jFbr Galvanometer Coils.— Qnm copal dissolved in ether, painted over each 
layer of wire and dried on a stove. 

SheUae Varnish (Harris).— Put 1 ounce of shellac Into a wide-mouthed 8 
onnce phial containing 5 ounces of rectified naphtha or wood spirit. Cork and 
stand in a warm place until the gnm in dissolved. Shake frequently and filter, 
adding more naphtha to assist Uie filtering, and changing the filter from time 
to time. 

For iSIA.— Mix 6 ounces of boiled linseed oil and 2 ounces of rectified spirits 
of turpentine. 

For large CoUs.— Cotton covered wires are now steeped In melted paraffin to 
increase their insulation. Large electro-majrnet coils have a double covering of 
cotton, and the outer layer is coated with a thick varnish of ehellac dissolved 
in alcohol. 

Insulating Paper.— Absorbent tissue paper is rendered insulating by steeping 
it in melted paraffin, and is UHed for the dielectric of large telegraph condengers 
and Muirhead^s artificial cable. An insulating varnish for paper is made by 
mixing one part of Canada balsam and two parts of eH^ence of turpentine. 
Digest in a bottle with a gentle heat, and filter before cooling. 

Miturating Tapes (ifflkfecn).— Stockholm pitch eight parts, wax two parts, 
tallow one part. 

Insulating Wood.— Wood for battery jars, etc., is also rendered insulating 
by steeping it in. or brushing it with, melted paraffin. 

For Cfalvanoplasty.— An oaken trough, close made, and will last from twelve 
to fifteen years if coated with 

Burgundy pitch 1 ,500 grammes. 

Old G. P. in shreds 2.50 " 

Poanded pumice 750 " 

Melt the G. P., mix with the pumice, and add the pitch. Apply liquid to the 
teongh in several coats. A hot iron parsed over tlie surface Pinooths it, and 
assists adhesion. The box resists sulphate of copper baths, but not cyanides.— 
iF. Berthould.) 

Insulating Cement.— For experimental wwk a useful cement is made by 
melting together resin, beeswax and giitta percha ia varying proportionti. 
Sealing wax is also useful, especially the best qualities. 
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Cement for in«ti/ator«.— Snlphnr, lead, or plaster of Paris mixed with a little 
glue to prevent too rapid settling. 

Muirhead^s Own^n^.— Three lbs. Portland cement, three lbs. rough sand, f our 
pounds smithy ashes, and four lbs. resin. 

JUack Cement.— One lb. smithy ashcs^ one lb. rough sand, two lbs. resin. 

Siemen'8 Cement.— Twelve lbs. black iron rust or iron filings, 100 lbs. sulphur. 

Give Cement; resisting damp,— one glue, one black resm, four red ochre 
mixed with least quantity of water; or four glue, one boiled oil by weight, 
three oxide of iron. 

Cement for Leather.— Sixteen gutta percha, four india rubber, two pitch, one 
shellac, all cnt small, with two of linseed oil, melted together and well mixed. 

Acid-proof Cement.— A cemeni, which may be useful to electricians, is made 
bv dissolving caoutchouc by carefully heating it in twice its weight of linseed 
oil, and then adding twice its weight of pipe-clay. The product forms a very 

f'iastic acid-proof mass, which, when heated, becomes softer, but does not melt, 
t can be kept for a long time in a damp place without hardening. When it 
becomes hara, it can be softened again by oil of turpentine. 
BiMU and Acid proof Cement :— 

Sulphur 100 parts. 

Tallow 2 " 

Resin 2 " 

Melt these together to a ruddy syrup, add sifted ground glass to form a paste, 
and heat when uped. 

Cement for Glass and Metal.— Best and purest gum arable Is put into a small 
quantity of water and left till next day, when it is of the consistency of 
molasses. Calomel (mercurons chloride or subchloride of mercury) is then 
added to make a sticky mass, and well mixed on a glass plate with a spatula. 
No more is to be made than is required for immediate use. The cement hardens 
in a few hours, but it is better to leave it for a day or two. 



A GLOSSARY OF MINING TERMS. 



AdU.—A horizontal pasAt^e Into a mine driven in on a bed or vein, with Just snffl- 

clent slope to ensure drainage. 
Adze.— A curved cutting instrument for dressing timber. 
Aerometera.—The air pistons of a Struve ventilator. 
Aerophore.—The name given to an apparatus which will enable a man to enter 

places In mines filled with explosive or other deadly gases, with safety. 
After-daiiip.—The deadly gases resulting from an explosion of fire-damp. Chiefly 

composed of carbonic acid gas. COa or carbon zJ per cent, and oxygen 73 p3r 

cent. 
-4<r.— The current of atmospheric air circulating through and ventilating the work- 
ings of a mine. To ventilate any portion ot the workings. 
Air-course.— See Air-way. 

Air -crossing. —A bridge which carries one air-course over another. 
Air-end TFa^.— Roadways or levels driven In the coal seam parallel with a main 

level, chiefly for the purpose of ventllat.on or for the return air. They are 

connected with the main level by openings or thirls. 
^<r-flra<««.— Underground roadways used principally for ventilating purposes. 
Air-heaa.—%ee Atr-way. 
Air-heading.— An Air-way. 
Airless end.— The extremity of a stall In long wall workings In which there Is no 

current of air, or circulation of ventilation, but which Is kept pure by diffusion, 

and by the ingress and egress of cars, men. etc. 
Air-level.-A level or air-way (return air-way) of former workings, made use of in 

subsequent deeper mining operations for ventilating purposes. 
Air-pipe^ or ^<r-6oaj.— Pipe or boxes used for the conveyance of air for ventilation ; 

also, Iron pipe used for the conveyance of compressed air. 
Air-shaft.— A shaft or pit used expressly for ventilation. 
Air-Houar.—A brattice carried beneath the tram rails or road bed, In a heading or 

gangway. 
Air-stack.- A ventilating chimney. 
Air-way.— Any passage in a mine through which air for ventilating purposes la 



Alienating Motion.— Up and down, or backward and forward motion. 
Analysis.— To determine the proportion of original elements In a substance. 
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Anefnofneter.—An Ixurtniment used for measuring the yelocitf of a ventilating 

current. 
Anne€U.—To toughen metals, glass, etc., by first heating and then cooling very 

slowly. This lessens the tensile strength. 
Anthradte.—K variety of coaL (See ** Classification of Coals,** under Colliery 

Management.) 
Anticlinal Axis.— The ridge of a saddle in a mineral vein, or the line along the sum- 
mit of a vein, from which the vein dips in opposite directions. « 
Apex.— The landing point at the top of a slope or inclined plane, the knuckle ; also, 

the top of an anticlinal. 
Arching.— BrlckwoTk or stonework forming the roof of any underground roadway. 
Arenaceotts.—Htiniy.; rocks are arenaceous when they contain a considerable per- 
centage of sand. 
ArgiUaceous.—Cl&Y^Yi rocks are ai^lllaceous when they contain a considerable 

percentage of clay, or have some of the characteristics of clay. 
Aacenstatial Ventilation,— The arrangement of the ventilating currents in such a 

manner that the heated air shall continuously rise until reaching the bottom of 

the upcast shaft. Particularly applicable to steep seams. 
Ashler.— A facing of cut stone applied to a backing of rubble or rough masonry or 

brickwork. 
A8sap.— The determination of the quality of any particular substance in a mineral. 
Auger-etem.-The iron rod or bar to which the bit is attached in rope drilling. 
Asns.- An imaginary line passing through a body which may be supposed to revolve 

around it. 
AzimtUh.— The azimuth of a body is that arc of the horizon that Is Included between, 

the meridian circle at the given place and another great circle passing through 

the bodv. 

tly a smooth parting and 
eading or gangway.— To 
, etc.— To roll large coals 

i through drift deposits, 
use of timber cribs and 

I of curbs for supporting 

rd. suction of the air-cur- 

t of cars, when ascending 
I rope or coupling breraks. 
Inking shafts, during the 

rum of a winding engine, 
Dom, and in helping it to 
consists often of a bunch 
resting on the shaft bot- 
laln shaft of the engine. 
[>ds of a Cornish pumping 

lis. 

il.— A bar of timber sup- 

EUl. 

a seam of coal, 
ice around the mouth of 
irhole, or sometimes only 
A. large heap or stack of 

mineral on ine sunace. 
Bank-head.— The upper end of an Inclined plane next to the engine or drum made 

nearly level. 
Banksman.— The man In attendance at the top of the shaft, superintending the 

work of banking. 
J?ar.— A length of timber placed horizontally for supporting the roof. In some cases 

bars of wrought-Iron, about 8" X 1" X &'. are used. 
Barney.— A small car used on inclined planes and slopes to push the mine car up the 

slope. 
Barney-pit.— A pit at the bottom of a slope or plane into which the barney runs to 

allow the mine car to pass over It. 
Barren G^rot^nd.— Strata unproductive of seams of coal, etc., of a workable thickness. 
Baring.— ^ee Stripping. 

Barrier Pillar.— A solid block or rib of coal, etc., left nnworked between two col- 
lieries or mines for security against accidents arising trom Influx of water. 
Barrier System.— The most modem and approved method of working a colliery by 

pillar and stall, where solid ribs or barriers of coal are left in between a set or 

series of worrang places. 
Au<n.— A coal field 'having some resemblance In form to a basin.- The synclinal 

axis of a seam of coal. 
Batter.— The sloping backward of a face of masonry. 
BaUery.—A structure built to keep coal from sliding down a chute. 
Aiy.— An open space for waste between two packs In a long-wall working. See 

Board, 
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JBearinff.—The coarse by a compass.— The span or length In the clear, between the 
points of support, of a beam, etc.— The points of support of a beam, abaft, 

Bearing Door. —A door placed for the purpose of directing and regulating the 

amount of ventilation passing through an entire district or a mine. 
Bearing in.— The depth or distance under of the undercut or holing. 
Bearing-up Picltet/.—A pulley wheel fixed In a frame and arranged to tighten up or 

take up the slack rope in endlCHS rope haulage. 
Bed.— The. level surface of rock upon which a curb or crfb if laid.— A stratum of 

coal, Ironstone, clay, etc. 
Bed-plate.— A large plate of iron used as a foundation for an engine to rest on. 
Bench.— A natural terrace marking the outcrop of any stratum.— A stratum of coal 

forming a portion of the vein. 
Benching.- To break up with wedges the bottom coals when the holing is done In 

the middle of the seam. 
Bench TFo/'Wwflr.— The system of working one or more seams or beds of mineral by 

open working or stripping, in stages or steps. 
Bevel gear. —Cog wheels, with teeth so formed that the wheels can work into eacb 

other at an angle. 
Billy Plapfair.—A mechanical contrivance for weighing coal, consisting of an iron 

trough witb a sort of hopper bottom, into which all the small coal passing 

through the screen is conducted and weighed off and emptied from time to time. 
Binder.— indvLr&teii argillaceous shale, or clay, very commonly forming the roof of 

a coal seain, and frequently containing clay Ironstone. 
Bit.- A piece of steel placed In the cuttioi: edge of a drill. 
^/acA-&a7trf.— Carbonaceous ironstone In beds, mingled with coaly matter sufflclent 

for its own calcination. 
Black-damp.— C&rhonic acid gas, much the same as after-damp. It will not support 

combustion or life. 
Blafft.—The sudden rush of fire and gas and dust of an explosion through the work- 
ings and roadways of a mine.— To cut or bring down coal, rocks, etc., by the 

explosion of gunpowder, djmamite, eto. 
Block Coal.— Coa,\ in large lumps. 

Blos8om.—The decomposed outcrop of a coal bed or mineral deposit. 
Blotc.— To blast with gunpowder, etc.— A dam or stopping is said to blow when gas 

escapes through it. 
Blower.— A sudden emission or outburst of firedamp In a mine.— An emission of fire- 
damp from the coal similar to that from an ordinary gas burner. 
Blown-out Shot.- A shot that has blown out the tamping, but not broken the coal or 

rock. 
Blue Cap.— The blue halo of Ignited gas (fire-damp and air) on the top of the flame in 

a safety lamp, in an explosive mixture. 
Board.— A wide heading, usually from 8 to 5 yards. 
Board and Pillar.— A system of working coal, whero the first stage of excavation is 

accomplished with the roof sustained by coal. Often called Breast and PtUar. 
Bob.— An oscillating bell crank or lever, through which the motion of an engine is 
ff. transmitted to the pump rods in an engine or pumplng-pit. There are ± bobs, L 
^ bobs and V bobs. 

fio««.— Slaty coal, or carbonaceous shale found in coal seams. 
Bonnet.— The overhead cover of a ci«e.— A cover for the top of a safety lamp. 
Bore-hole.-A hole made with a drill, auger or other tool^ either in coal rock or 

other material. 
Bottom i^/tars.— Large pillars left around the bottom of a shaft. 
Bowk.—AnlTon barrel or tub used for hoisting rock and other debris when siuklng 

a shaft. 
Brattice.— A division or partition in a shaft, slope, beading, gangway or other unde^ 

groimd working place for providing ventilation. 
Brattice Cloth.— A he&vj cloth or canvas, often covered with some water-proolhig 

materlaK used In the construction of doors and brattices instoad of plank. 
Breaker.— The building or buildings in which anthracite coal is crushed and assorted 

Into sizes, and cleaned for market. 
Breast.— A stall, board or room in which coal Is mined. 
Breast and Pillar.- A system of working coal by boards or rooma with pfllart of 

coal between them, 
^rid/ye.— A platform on wheels, running upon rails for covering the mouth oft 

shaft or slope. 
Bridle Chains.— Short chains by which a cage, car or gunboat is attached to a wind- 
ing rope. 
Brinuettes.— Fuel made of slack or culm, and pressed into brick form. 
Broken Coa/.— Anthracite coal that will pass through a mesh orhars81<4" to41-S" 

and over a mesh 2 8-8" to 2 7-8". 
Brush.— To mix air with the gas in a mine working by swinging a Jacket, eto., which 

creates a current. 
Bucket.— The top valve or clack of a pump. 
Buck TF^eai.— Anthracite coal that wUl pass through a mesh S-S" to M" and overs 

mesh of 3-16" to 8-8". 
Muggy.— A small mine car. 
BullEiKjine.—A single, direct acting pumping engine, the pump roda forming a oo»' 

tinnatlon of the piston-rod. 
J?vnfo«».— Timbers placed horizontally across a shaft or slope to carry the cag« 

guides, pump rods, column pipe, etc.; also, to strengthen the shaft timbering. 
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Butt BBadtna,'-4L beadlntr drtven square with the deayage of a seam. 

CWtfik^A pUttfonn on which mhie cars are raised to the surface. (See Slope Cage.) 

€tm 0«(<(fM.^yertlcal rods of pine, or of Iron or steel, or wire rope fixed in a shaft, 

Detween which cages run, and wherehv they are prevented from striking one 

another, or agalnat any portion of the shaft. 
CanoMi Ooat.^-See ** Glasslfleation of Coals " under " Colliery Management** 
0(W.—(1) A piece of jplank placed on top of a prop. (See also Collar.) 

(2) TlM pal^bMsh elongation of the flame of a lamp caused by the presence 

of gas. 
Car —Any car used for the conreyance of coal along the gangways or haulage roads 

of amine. 
Carbon.— A comhuittlble elementary substance forming the largest component part 

of ooaL 
Oarbonaceotu.— Coaly, containing carbon or coal. 
Ccvrftont/erotM.— Containing or carrying coal, thus : Carboniferous rocks, the car> 

bonirerouB formatlcm. 
Carrrtoflre.— Sec Oage and Slop€ Cag0. 
CartH<H?e.~Paper or water-proof cylindrical cases filled with gunpowder, tctmiBg 

the charge for blasting. 
Oatchet.^ifS Iron levers or props at the top and bottom of a shaft. 

J2) Stops fitted on a cage to prevent cars from running off. 
CM^0r.— Tubing inserted In a bore hole to keep out water or to protect the tides 

from collapsing. 
Oave^ Cav&-in.—A caving in of the surface over mine woi^ings. 
C Jar4.— The chemical symbol for fire-damp. 
Chain-brow Way.^An underground inclined plane worked upon the endless 

(jhafn system of haulage. 
Ohaiii-piUar.—A pillar left to protect the gangway and air course, and running 

parallel to these passages, 
dtotn jRoad.— An underground wagon way worked on the endless chain system of 

haulage. 
Chamber.— &ee Breagt. 

Charge.— ThR amount of powder or other explosive used in one blast or shot. 
Check- Battery. —A. battery to close the lower part of a chute, acting as a cheek to 

the flow of coal and as an air stopplne. 
Check-wetghman.—K man appointed and paid by the miners to weigh the coals on 

reaching the surface. 
Chestnut Coa/.— Anthracite coal that will pass through a mesh 1 In. to \\i in. square 

and over a mesh H in. square. 
Chock.— A square pillar constructed of short rectangular blocks of hard wood, for 

supporting the roof. 
Choke-damp.—9>ee Black-damp. 
Chute (also spelled 8hxUe).—A, narrow inclined passage in a mine, down which coal 

is either pushed or slides by gravity. 
Cfcict.— The lower valve of lifting or forcing pumps. 
Clack-piece.— The casting formli^ the valve chamber. 
Ctanny.—A type of safety lamp, Invented by Dr. Clanny. 

Cteol.— (1) Natural Jointing of coal seams, with generally a north andsouth direction, 
Irrespective of dip or strike. 
(2) A small piece of wood nailed to two planks to keep them together, or 
nailed to any structure to make a support for something else. 
CUnometer.— An instrument used to measure the angle of dip. 
Clod.— A layer of soft shale or slate, forming a very bad roof to a coal bed. 
Coal Road.— An underground roadway or heading driven In coal. 
Coal Smta.—8ee Blossom. 

Collar.— (I) A horizontal timber supported on two Legs, the three constituting a set 
of timber. 
(2) A flat ring surrounding anything closely. 
CoMery.— The whole plant. Including the mine and all adjuncts. 
Colliery Warnings (British).— Telegraphic messages sent from signal service stations 

to the principal colliery centers to warn managers of mines, when sudden falls of 

the barometer occur. 
Column.— The length of pipe conveying the drainage water from the mine to the 

surface. 
Conical Drum. —The rope roll or drum of a winding engine, constructed in the form 

of two truncated cones placed back to back, tne outer ends being usually the 

smallest In diameter. They equalize the load on the engines at all points. 
Cor«».— Cylindrical shaped pieces of rock produced by the diamond drill system of 

boring. 
Cornish Pumps.— A single acting pump. In which the motion is transmitted through 

a walking Deam : in other respects similar to a Bull Pump. 
Counter-chute.— A chute down which coals are dumped to a lower level or gangway. 
Counter-gangway.— A level or gangway driven at a higher level than the main one. 
Course.— The direction in regard to the points of compass. 

Cre^.~(1) The gradual upheaval of the floor of a mine, due to the weight of the 
ovenying strata and a tender floor. 
(2) The gradual subsidence of the strata over a worked-out area of coal. 
Crib.— A structure composed of horizontal frames of timber laid upon one another, 

or a frame woi^ built like a log cabin. 
Crop.— See Outcrop. ^ , 
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Or(^fatL—A cavlng-ln of the surface at or near the outcrop of abed of coaL 
Oro88-cuU~~(X) A tunnel <lrlven through or across t^e measurea from one aetmto 
another. 
(2) A small pasaaseway driven at right angles to the main gangwaj to 
connect It with a parallel gangway or air course. 
Cro98-hole.—8ee CrostHmt (2). 
Crush.—See 8quee*e. 
(7M<m.— Anthracite coal dirt. 
Danger JSoord.— See /1fr« Board. 
Davy.— A safety lamp Invented by Sir Humphrey Davy. 
Day-»A</lt.— The relay of men working In the daytime. 
Dead-iDork.— Work which at the time it is done and of itself prodnoea little or no 

profit. 
Deep (British).— ** To the deep,** toward the lower portion of a mine, hence, tht 

lower workings. 
Detaching Hook.— A self-acting mechanical contrivance for setting free a winding 

rope from a cage when the latter is raised beyond a certain point in the head- 
gear : the rope being released the cage remains suspended in the frame. 
2)C(M(Britieh).— An instrument similar to a surveyor's compass, with vernier 

attached. 
Dip.— il) To slope downwards from the surface. 

(2) The Inclination of the strata, or a coal seam. 
Dirt FauU.—A confusion in a seam of coal. The top and bottom of the seam being 

well defined, but the body of the vein being soft and dirty. 
Ditch.— (1) The drainage gutter In a mine. 

(2) A drainage goiter on the eurflaoe. 
DUfidina State.— A e&atum of slate separating two benches of coaL 
Dog,— An iron bar, spiked at the ends, with which timbers are held together or 

steadied. 
Z)oor«.— Wooden doors fixed in underground roads to serve as stc^ings. 
Double Shift.— A colliery Is said to be working double shift when t-here are two sets 

of men at work, one set relieving the other. 
Double Timber.— Two props with a bar placed across the tops of them, to 8iq>portthe 

roof and sides. 
Doum^catt.— The opening through which the fresh air is drawn or forced into the 

mine: the intake. 
Drag.— The frictional resistance offered to a current of air in a mine. 
Drift.- Ad. opening or gangway driven from the surface into the coal above water 

level. 
Drwrn.— The cylinder or pulley on which the winding ropes are coiled or wound. 
Drum Slnga.—CABt iron rinzi with projections, to which are bolted the laggings 

forming the surface for the ropes to lap on. 
Dumb Drift.— A short tunnel or passage connecting the main return airways of s 

mine with the bottom of an upcast shaft, in order to prevent the return air flrom 

passing through or over the ventilating furnace. 
Dumper.— A car so constructed that the body maybe revolved to dump the matolal 

in front or on either side of the track. 
Edge Coals (British).— Highly inclined seams of coal, or those having a dip greater 

than80*>. 
Egg Coa/.— Anthracite coal that will pass through a mesh or bars 3 M in. to 2 7-8 in., 

and over a mesh or bars 1 8-4 in. to 2 1-4 in. 
Emptiea.-EmptY mine cars. 
Entry.— A mam haulage road or gangway. 
Engine Plane.— Any underground way, either level or dipping, alonir which the can 

are moved by engine power. 
Endless Chain.— A system of haulage, in which the power is transmitted by the mov- 
ing of an endless chain. 
Endless Hope.- A Bystem of haulage same as Endless Chain, except that a wire rope 

is used instead of chain. 
End or £!n/2-on.— Working a seam of coals at right angles to the cleat, or natural 

planes of cleavage. 
Eace.— The place at which the coal is actually being worked away either in a breast 

or heading. 
^tMce-on.— The reverse of end-on, or working a mine parallel to the cleat or face. 
Eall.—il) A mass of roof or side which has fallen in any part of a mine. 

(2) To blast or wedge down coal. 
Ftin.—A centrifugal mechanical ventilator. 
Jfan Drift.— A short tunnel leading from near the top of the upcast shaft to the fsn 

casing, along which the whole of the return air is drawn by the fan. 
Eat Coals.— Thorn containing volatile oily matters. 

Eauiu—A fracture or disturbance of the strata breaking the continuity of the seam. 
Eeed.— Forward motion imparted to the cutters or drills of rock drilling or ooal eiift> 

ting machinery, cither hand or automatic. 
Feeder.— A small blower of gas. 
F1«ry.— Containing explosive gas. 
Fire.— (I) A miners term for fire-damp. 

(2) To blast with gunpowder or other explosive. 

(8) A word shouted by miners to warn one another when a shot la fired. 
Flre4>oard.—A piece of board with the word^re painted upon it and annended to s 

prop, etc.. In the workings, to caution men not to take a naked Uglit beyond it, 

or to pass it without the consent of the foreman or his assistanta. 
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Fire A>e»e«.— TTndergTound officials who examine the mine for gas, and Inspect every 
Mtfety lamp taken Into the mtne. 

J^[re Clay.— Any clay that will withstand a great heat without vitrifying. 

Jrlrv-dotnp.— The explosive gas of coal mines.— Light carburetted hydrogen.— The 
chemical formula is CH4. 

ftre-matu—See Ftrt Boss, 

FUU.—K district or set Qf workings separated by faults, old workings or barriers 
of solid coal. 

Floor. — (1) The strmtom of rock upon which a seam of coal Immediately 1IC3. 
(2) That part of a mine upon which you walk or the road bed Is laid. 

Fore^poHng.—DTUinfs poles over the timbers so that their ends project beyond the 
last set of timber, so as to protect the miner from roof falls ; used also In quick- 
sand or other loose material. 

Fumace.~A large coal fire at or near the bottom of an upcast shaft for producing a 
current of air for ventilating the miue. 

Oanmpav.—Tbe main haulage road or level. 

^as.— See Fire-damp. Any mixture of this gas and air In an explosive condition Is 
called gas. 

€fasket.—A band or ring of any material put between the flanges of pipes before bolt- 
Ing to make them water or steam tight. 

Oate.—AJi underground road connecting a stall or breast with a main road. 

OauQe-door.—A wooden door fixed In an airway for regulating the supply of ventila- 
tion necessary for a certain district or number of men, etc. 

Oeordte. A safety lamp invented by George Stephenson. 

Oin or Horse Gin.— A drum and framework carrying small pulleys, etc., by which 
the minerals and dirt are raised from a shallow pit. 

€foaf or Qoave.—ThaX part of a mine from which the coal has been worked away, 
and the space more or less filled up. 

Oob.—(l) Another word for Ooaf. 

(2) To leave behind In the mine coal and other minerals which are not market- 

able. 

(3) To stow or pack with rubbish any useless underground roadway. 
Gk»&:/lr«.— Spontaneous combustion underground. 

Oob Boad.—A gallery or way in a mine carried through the goaf. 

Ground Bent.— Bent paid for surface occupied by the plant, etc., of a colliery. 

Gvides.-See Cage Guides. 

Gunboat.— A self -dumping car, holding from 5 to 8 tons of coal, used upon inclined 

planes or slopes. They are filled by emptying the mine cars into them at the foot 

of the slope. 
OuUer.—HXie drainage ditch In a mine. 
Half-course.— (X) At an angle of 46** from general or previous course. 



(2) Half on the level and half on the dip. 
-The ■ ' ' 



Hanfjer-on.—TihQ man who runs the loaded cars on to the cages and gives the signal 

to hoist. 
Hanging Wall.— In metalliferous mining the stratum lying on the upper side of a 

bed or vein. 
Hat Boilers.— Ca»t iron or steel rollers shaped like a hat, revolving upon a vertical 

pin, for guiding Incline hauling ropes around curves. 
Haulage Cttjo.— Levers, jaws, wedges, etc., by which cars, singly or in trains, are 

connected to the hauling ropes. 
Head-gear.— The pulley frame erected over a shaft. 
Headtng.^iD A continuous passage for air, or for use as a manway. 

(2) A connecting passage between two rooms, breasts or other working 

places. 
(8) A gangway or entry. 
Heep-stead (British).— The entire siu^ace plant of a colliery. 
Hog-back.— Sharply rising of the floor of a coal seam. 
Hole.—(l) To undercut a seam of coal by hand or machine. 
(2) A borehole. 

(S) To make a communication from one part of a mine to another. 
HdUng.—(.l) The portion of the seam removed from beneath the coal before it is 
broken down. 
(2) A short passage connecting two roads. 
Hood.—^ee Bonnet. 

Horn Coal.— Coal worked partly end-on and partly /ac6-on. 

Horses or Horsebacks.— lHatxiral channels cut, or washed away by water, in a coal 
seam, and filled up with shale and sandstone. Sometimes a bank or ridge of 
foreign matter in a coal seam. 
Hfitch (British).— A mine car. 

Hi/dro-carbons.—Compoxinda of hydrogen and carbon. 
Fnbye (British).— Going Into the Interior of the mine, away from the shafts or other 



TncUne.— Short for inclined plane. Any underground roadway driven at an angle to 

the horizon. 
Indicator.— it) A mechanical contrivance attached to winding, hauling or other 
machinery which shows the position of the cages In the shaft or 
the cars upon an Incline during its journey or run. 
(2) An apparatus for showing the presence of fire-damp In mines ; the 
temperature of goaves ; the speed of a ventilator, etc. And also 
for calculating the power of an engine. 
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I7i8et.— The entrance to a mine at the bottom or part way down a diaft where the 

cages are loaded. i 

Inspector. —A government official wbose dntiea are to enforce the lawa regmiattBg 

the working of mines. 

Intake.— (1) The passage through which the fresh air is drawn or forced in a Bine, | 

commencing at the bottom of the downcast. j 

(2) The fresh air passing Into a colliery. j 

Inversion.— An axis at which point the vein instead of dipping or rising In the 

opposite direction turns and dips or rises parallel to the part au>eady worked. 
Jack.— A lantern shaped case made of tin, in which safe^ lamps are carried in strong i 

currents of ventilation. 
Jack Lamp.— A Davy lamp, with the addition of a glass cylinder outside tjne gauze. ; 
Jig.—(\) A self-acting incline. I 



(2) A machine for separating ores or minerals from worthiest rock by means j 
of their difference in specific gravity. Also called Jigger or washer. ' 
Jigger.— (\) A kind of coupling hook for connecting cars upon an Incline. 



(2) An allowance of liquor sometimes Issued to workingmen. (Almost obso* ' 
lete.) 

Jbints.— Natural divisions, cracks or partings in strata, 
c/uj/u/ar*.— Timbers set obliquely against the rib in a breast to form a triangular 

passage to be used as a manway, airway or chute. 
Jump.— An upthrow or a downthrow fault. 
Jumper.— A hand drill used In boring holes in rock for blasting. 
Keeps or Jr<sp«.— Wings, catches or rests to hold the cage at rest when it reach^ any j 
landing. i 

Kibble.— %ee> Bowk ; but often made with a bow or handle, and carrying over « ton I 

of debris. 
Kind Chaudron.—A system of sinking shafts through water bearing strata. 
EiUy.—A squib made of a straw tube filled with powder. 
Koepe System.— A system of hoisting without using drums, the rope being endless 

and passing over pulleys Instead of around a drum. 
Lagging. ^(X) Small round timbers, slabs or plank driven in behind the lega and over j 
the coUa to. prevent pieces of the sides or roof from falling i 
through. I 

(2) Long pieces of timber closely fitted together and fastened to the 
drum rings to form a surface for the rope to wind on. 
Zamp-fn«n.— Gleaners, repairers and those having charge of the safety lamps at a 
colliery. I 

Lamp Stations.— GertaAxi fixed stations In a mine at which safety lamps are allowed 
to be opened and relighted by men appointed for that purpose, or beyond which, 
on no pretense, is a naked light allowed to be taken. 
Landing.— {\) A level stage for loading or unloading coals upon. 

(2) The top or Dottom of aslope, shaft or inclined plane. j 

Lafid-sale.— The sale of coal loaded into carts or wagons for local consnoaptton. I 

Land-sale Collieries.— Thoae selling the entire product for local consumption, and 

shipping none by rail or water. I 

Zap.— One coil of rope upon a drum or pulley. i 

Large.— The largest lumps of coal sent to the surfiKse, or all coal which la hand- 1 

picked or does not pass over screens; also, the largest coals whic^ do passi 

over screens. 

Larry.— (1) A car to which an endless rope is attached, fixed at the inside end of the i 

road, forming part of an appliance for taking up slack rope. 

(2) See Barney. ■. 

(8) A car with a hopper bottom and adjustable chutes for feeding coke I 

ovens. ! 

Latches.— A synonym of switch. Applied to the ^pllt rail and hinged switches. 

Leader.— A seam of coal too small to be worked profitably, but often beln^ a fifalde 

to larger seams lying in known proximity to It. 
Leg.— A wooden prop supporting one end or a collar. 

Level.— A road or gangway running parallel or nearly so with the strike of the seam. 
lA/t.-d) The vertlcalheight traveled by a cage In a shaft. 

(2) The distance between the first level and the surface or between two levels, 

in seams with a heavy dip, measured on the dip of the seam. ' 

Lifting Guards.— Fencirxg placed around the mouih of a shaft, which is lifted oat of j 

the way by the ascending cage. 
Lignite.— A coal of a woody character, containing about 66 per cent, of carbon. 
I4me Cartridge.— A charge or measured quantity of compressed dry caustic lime, 
made up into a cartridge and used instead of gunpowder for breaking down coal. ' 
Water is applied to the cartridge, and the expansion breaks down the coal with* i 
out producing a fiame. 
Lime Coal.— Sm&il coal suitable for lime burning. 

Lines.— Plvanh Hues, not less than two in number, hung from hooks driven In wooden 
plugs. A line drawn through the centres of the two strings or wires, as the case : 
may be, represents the bearing or course to be driven on. 
Loader.— One who fills the mine cars at the working places. 

Long Pillar Work.— A system of working coal seams in three separate operationa. i 
First, large pillars are left. Secondly, a number of parallel headings are driTen 
through the block ; and, lastly, the ribs or narrow pillars are workedawayin Ikotli 
directions. 
Lcyng 7Vm.--2,240 pounds. r^ ^ ^ ^ T ^ 
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Long Watl.-^A system of working a seam of coal In which the whole 6f the seam 
Is taken out and no pillars, excepting the shaft pillars and sometimes the main 
road pillars, are left. 

Loose End.— AjDOTtlon of the seam worked on two sides. 

Main Boad.— The piinclpal underground passage or gangway along which the prod- 
uce of the mine Is conveyed to the shaft or slope bottom. 

Metin Jiope.—A system of underground haulage, In which the weight of the empty 
cars is sufficient to draw the rope In after them. 

Jfanager.— An official who has the dally control and supervision of a mine, both 
under and above ground. 

Man Bdle,—(1) A refuge hole constructed In the side of a gangway, tunnel or slope. 
(2) A hole In cylindrical boilers through which a man can get Into the 
boiler to examine or repair It. 

Jfanteay.—A small passage used as a traveling way for the miner, and also often 
ufledas an airway or chute, or both. 

2iar%h G'eM.—In mining language synonomous with ^r«-damp. 

JtftfCMvres.— Strata. 

Miner. ^A collier or man who mines coaL Also applied to workers In metal mines. 

Monitor.— See Ounboat. 

Monkey Drift.— A small drift driven In for prospecting purposes. 

Monkey Gangway.— A small airway parallel with the main gangway. 

Monkey JRotls.— The smaller rolls In an anthracite breaker. 

Motive Column.— The length of column of air In the downcast shaft which would be 
equal In weight to the difference In weight of the air in downcast and upcast 
anafta. The power obtained by furnace ventUatlon Is measured by the difference 
of the weight of the air in the two shafts. 

Mouth,— The top of a shaft or slope, or the entrance to a drift or tunnel. 

Mueseler Lamp.— A type of safety lamp Invented and exclusively used In the col- 
lieries of Belgium. Also, endorsed by the Boyal Commission on Accidents in 
Mines of Great Britain. 

Jfaked Hqht.—A candle or any form of lamp which Is not a safety lamp. 

Narrow TTorit.— Headings, chutes, cross-cuts, gangways, etc., or Leadwork. 

Natural FenM/eKton.— Ventilating a mine without either furnace or other artificial 
means ; the heat Imparted to the air by the strata, men, animals and lights In the 
mine, causing It to flow In one direction or towards the deepest shaft. 

Needle.— A sharp-pointed metal rod, with which a small hole & made through the 
stemming to the cartridge in blasting operations. 

IHght 8Mfl.—The set of men who work during the night. 

Noga.—ljO& of wood piled one on another to support the roof. 

Jirtt<9.— Small lumps of coal which will pass through a screen, or bars the snace 
between which vary In width from 1-2 Inch to 2 1-2 Inches. 

Odd ITor*.— Work other than that done by contract, such as repairing roads, 
constructing stoppings, dams, etc. 

Qff-take — The raised portion of an upcast shaft above the surface, for carrying off 
smoke and steam, etc., produced by the furnaces and engines underground. 

OfMAate.— Shale containing such a proportion of hydrocarbons as to be capable of 
rieldlng mineral oil on slow distillation. 

^trst.—A Blower. A sudden exudation of large quantities of fire-damp. 

OtUbye.—In the direction of the shaft or slope bottom. 

Outcrop.— Tb&t portion of a vein or bed. or any stratum appearing at the surface, or 
occurring Immediately below the soil or diluvial drift. 

OuiM.— A passage fuml^olng an outlet for air, for the miners, for water, or for the 
mineral mined. 

Overca€t.—A passage throogta which the ventilating current Is conveyed over a 
gangway or airway. 

JPadt.—A rough wall or block of coal or stone built up to support the roof. 

J^icking.— The material placed In stuffing boxes, etc., to prevent leaks. 

Fack wall.— A wall of stone or rubbish built on either side of a mine road to carry 
the roof and keep the sides up. 

Panel.— A large rectangular block or pillar of coal, measuring say 130 by 100 yards. 

Panel Working.— A system of working coal seams. In which the colliery Is divided 
op Into large squares or panels. Isolated or surrounded by solid ribs of coal, in 
each of which a separate set of breasts and pillars Is worked, and the ventilation 
Is kept distinct, that Is, every panel has Its own Intake and return, the air of one 
not piasslng Into the adjoining one. but being carried direct to the upcast shaft. 

ParUng.—Any thin int-^rstratlfled bed of earthy materlaL 

Pa99^.—A siding In which cars pass one another underground. A Turnout. 

JPea Ooa/.— A small size of anthracite coal. 

Pick.—d) A tool for cutting and holing coal. 

(3) To dress with a pick the sides or face of an excavation. 

Picker.— A small tool used to pull up the wick of a miner's lamp. 

Picking Chute.— A chute In an anthracite breaker, along which boys are stationed 
to pick the slate from coaL 

PUAing 2\ible.—A flat or slightly Inclined platform on which anthracite coal Is run 
to be picked free from slate. 

iVfngr.— Long pieces of timber driven Into soft ground for the purpose of securing a 
solid base on which to build any superstructure. 

POlar.—A solid block of coal, etc., varying In area from a few square yards to 
several acres. _ ^ ^ , 

PfXlarand StaU.'-8ee BreaH andPtOar. ^,g, .^^^ by GoOglc 
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FlUar lto<id8.'-^orking roads or Inclines in pillars haying a ransre of lonsr-waU tacH 

on either side. 
Pinch.— To thin out. 
Piped Air.— Air carried into the working places by pipes or brattices. 
Pit.-d) A shaft. 

(2) The underground portion of a colliery, including all workings. 
Pit Bottom.-^The portion of a mine Immediately around the bottom of a abaft or 

slope. 
Pitch.— Dip or rise of a seam. 

Pit CoaJ.— Generally signifles the bituminous varieties of coal. 
Pit-head Man.— The man who has charge at tbe top of a shaft or slope. 
J^tman,—A miner; also, one who looks after the pumps, etc. 
JHt Prop.— A piece of timber used as a temporary support for the roof. 
Pit 5a<M.— Mine rails for underground roads. 

Pit Boom.— The extent of the underground workings in use orarallable for use. 
Pit-top.-Thfi mouth of a shaft or slope. 

Ptaw.— (1) The system on which a colliery is worked as ** long-wall,** "pillar and 
breast," etc. 
(2) A mM> or plan of the colliery, showing outside Improvements and under- 
ground workings. 
Plane.— A main road, either level or Inclined, along which coal la conveyed by 

engine-power or gravity. 
Plank Dam.— A water-tight stopping fixed in a heading constmcted of timber 

placed across the passage, one upon another, sideways and tightly wedged. 
Plank Tubbing.— ^hsdx, lining of planks, driven down vertically behind wooden 

cribs all round the shaft, all Joints being tightly wedged to keep back the water. 
Plant.— The shafts or slope, tunnels, engine-houses, railways, machinery, work- 
shops, etc., of a colllerv or other mine. 
Plenum.— A mode of ventilating a mine or a heading bv forcing fresh air Into it. 
Plunger,— The solid ram of a force pump working in the Plunger Case. 
Plunger Case.— The pump cylinder or barrel in which the plunger works. 
Pocket.— (X) A thickening out of a seam of coal or other mineral over a small area. 
(2) A hopper shaped receptacle from which coal or ore is loaded Into can or 
boats. 
Po8t and Stall.— A system of working coal much the same as Pillar and Stall. 
Pot Hole.— A circular hole in the rock caused by the action of stones whirled aroond 

by the water when the strata was covered by water. They are generally lllled 

with sand and diluvial drift. 
Pricker.-iX) A thin brass rod for making a hole in the stemming when blasting, for 
the insertion of a fuse. 
(2) A piece of bent wire by which the size of the flame in a safety lamp \i ! 
regulated, without removing the top of the lamp. I 

Prop,— A wooden or cast-iron temporary support for the roof. 
Pr<^iifting.— The timbering of a mine. 

iVo«p«cancr.— Examlnlmf a tract of country in search of minerals. 
Protector Lamp.— A safety lamp, the flame of which it is impossible to expose to 

the outward atmosphere, as the action of opening the lamp extingnlshea the 

iV<MJ«.— (1) To ascertain by boring, driving, etc., the position and character of a coal 
seam, a fault, etc. 
(2) To examine a mine in search of firedamp, etc., known as proving the pit 
Proving-hole.—{\) A bore-hole driven for prospecting purposes. 

. (2) A small heading driven in to find a bed or vein lost by a disloca- 
tion of the strata, or to prove the quality of the mineral in 
advance of the other workings. 
Pudding 7?oc»;.— Conglomerate. 

Pulley.— (X) The wheel over which a winding rope passes at the top of the head gear. 
(2) Small wooden cylinders, over which a winding rope is carried on tbe 
floor or sides of a plane. 
Pump Bod8.—B.etL\y timbers, bv which the motion of the engine is transmitted to 
the pump. In Cornish and Bull pumps, the weight of these rods makes the effeetlre 
(pumping) stroke, the engine merely lifting the rods on the up-stroke. 
Pump Slope.— A slope used for pumping machinery. 

Pump Station.— An enlargement made In the shaft, slope or gangway, to receive tbe 
pump. 



Punch and 77Url.—A kind of pillar and stall system of working. 
Quicksand.— ^oft watery strata, easily moved or readily yleldlB 
^aite.— The iron or steel portion of the tramway or railroad. 



Bance.—A pillar of coal. 

Mapper.— A lever with a hammer attached at one end, which signals by striking a 

W)late of metal, when the signalling wire, to which it Is attached, is pulled. 
A8h Coa/.— Coal that produces a reddish ash, when burnt. 
Befuge Hole.— A place formed In the side of an underground plane in which men can 

take refuge wnen trips are passing or a shot is fired. 
Begulator.—A door in a mine, the opening or shutting of which regulates the supply 

of ventilation to a district of the mine. 
B^airmxin.—A workman whose duty It is to repair tracks, doors, brattices, or iA 

r€»et timbers, etc., under the direction of the foreman. 
£^8(8, Jr(M!|w.Fi(}ui«.— Supports on which a cage rests when the loaded car is being 

taken off and the empty one put on. 
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Sttum.—The air course along which the vitiated air of a mine la returned or con- 
I ducted back to the upcast shaft. « 

Sttum Air.— The air which has been passed through the workings. 
SR>.— The side of a pillar. 

M and PtUar.—A system of working similar to Pillar and Stall. 
JW«.— To be conveyed on a cage or mine car. 
JBder.— (1) A guide frame for steadying a sinking bucket. 

(2) Boys who ride on trips on mechanical haulage roads. 

(3) A thin seam of coal overlying a thicker one. 

! JBtog.— (1) A complete circle of tubbmg plates placed round a circular shaft. 

C2) Troughs placed In shafts to catch the falling water, and so arranged as to 
I convey Itto a determined point. 

LB«.>-The inclination of the strata, when looking up the nltch. 
ISite iror<:<n£r«.— Underground workings carried on to the rise or high side of the 

shaft. 
SoiuL—Ci) Any underground passageway, or gallery. 
(2) The Iron rails, etc., of underground roads. 
A*.--To cut away or reduce the size of pillars of coal. 

Bock DrOL—X rock-boring machine worked by hand, compressed air, steam or elec- 
trical power. 
Bock Fault.— A replacement of a coal seam over greater or less area, by some 

other rock, usually sandstone. 
Bon.— An Inequality In the roof or floor of a mine. 
BoUer.—A smaU steel, Iron or wooden wheel or cylinder upon which the hauling 

n^ Is carried Just above the floor. 
JBbB*.— Cast Iron cylinders fitted with steel teeth, used in anthracite breakers to break 
I coal Into various sizes. 
Boo/.— The top of any subterraneous passage. 
Axrni.— Synonymous with Breast. 

Boom and Bance.—A system of working coal similar to Pillar and Stall. 
Jbpe ^B.— The drum of a winding engine. 
Bofund Coca.— Coal in large lumps, either hand picked, or after passing over screens, 

to take out the small. 
BovaUy.— The prtcepald per ton to the owner of mineral land by the lessor. 
Biibbing Surf ace.— The total area of a given length of airway. That Is, the area of 

top, bottom and sides added together, or the perimeter multiplied by the length. 
AtTi.— (1) The sliding and crushing of pillars of coal. 

(2) The length of a tease or tract on the strike of the seam. 
Bun OoaL — Soft bituminous coal. 
&mner.—A man or boy whose duty it is to run mine cars by gravity from working 

places to the gangway. 
\8ad(Ue.— An anticlinal, a hog-back. 
I SaddlOMck.-A depression in the strata. See Roll. 
Safety Cage.— A cage fitted with an apparatus for arresting Its motion in the shaft in 

case the rope breaks. 
Sc^vty OtMcAe9.— Appliances fitted to cages to make them Safety Cages. 
Safety Door.— A strongly constructed door, hinged to the roof, and always kept 

open and hung near to the main door, for Immediate use when main door is 

damaged by an explosion or otherwise. 
Bafoy Lctmp.—A miners' lamp, in which the flame is protected in such a manner 

that an explosive mixture of air and fire-damp can be detected by the mixture 

burning Inside of the gauze This warns the miner to extinguish his light, as 

the mixture is dangerous, 
tofinflr.— Sprinkling salt upon the floors of underground passages In very dry mines 
j In order to lay the dust. 

Scale.— {X) A small portion of the ventilatlve current In a mine passing through a 
certain sized aperture. 
(2) The rate of wages to be paid, which varies under certain contingencies. 
Scale Door.— See Regulator. 
ScUtara IttuU.—A fault of dislocation, in which two beds are thrown so as to cross 

each other. 
8&)op.—A large sized shovel with a scoop-shaped blade. 
Scraper.— (1) A tool for cleaning the dust out of a bore hole. 

(2) A mechanical contrivance used at collieries to scrape the culm or 
slack along a trough to the place of deposit. 
Screen.— (1) A mechanical apparatus for separating small from large coals. 

(.2) A cloth brattice or curtain hung across a road In a mine to direct the 
ventilation. 
Sea Goal.— TbKt which is transported by sea. 

\SecMng.—Shvit*tng off all air from -^ mine or part of a mina by stoppings. 
j&am.— Synonymous with Bed, Vein. etc. 
Second OttOet.-A passageway out of a mine for use in case of accident to the main 

ontlet. 
Second Working.— The operation of getting or working out the pillars formed by the 

first working. 
Se^f-acthig Plane.— Ajx Inclined plane upon which the weight or force of gravity 

actlBfir upon the full cars is sufficient to overcome the resistance of the empties: 

la otber words, the full car, running down, pulls the empty car up. 
BepartOton 2>oor«.— Doors fixed underground (generally two, sometimes three'' 

between tlie Intake and the return, near the shaft or slope bottom. 
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SepartUton Vctive.—A masBive cast Iron plate euspended from tbe roof of a return 

airway, through which all the return air of a separate district flows, allowing the 

air to always flow past or underneath it ; hut In the event of an explosion of 

gas, the force of the Dlast closes it against its frame or seating, and preyents a 

communication with other districts. The hlast being over, the weight of tiie 

valve allows It to return to its normal position. 
Set.—(.l) To fix In place a prop or sprag. 

C2) Timbers fixed in a gangway, etc., as In Double lumber, which see. 
/Sftq/lf.— A vertical pit or hole made through strata, through which the produce of 

the mine Is brought to the surface, and through which the ventilation is passed 

either into or out of the mine. 
Shcift PUlar. —8o\id coal left un worked beneath colliery buildings and around the 

shaft, to support them against subsidence. 
Shale.— StTlctlj speaking, all argillaceous strata that split up or peel off In thin 

laminae. 
Sheave.— A wheel with a^ooved circumference, over which a rope Is tamed, either 

for the transmission of power or for winding or hauling. 
SheariJig.—Cnttiug a vertical groove in coal similar to an undercut. 
Sheets.— Coaise cloth curtains or screens for directing the ventilativecnrrent nnder- 

ground. 
Sh^t.—A certain number of hours of work ; a certain proportion or change of wotk' 

men. 
ShooUng.—'BlastiTig In a mine. 
Shot.— a) A blast. 

(2) The firing of a blast. 
(8) Injured by a blast. 
Shot Hole.— The bore hole in which the explosive substance Is placed for blasting. 
Shot lighter or Shot Firer.—A man specially appointed by the manager of the nune 

to fu>e off every shot In a certain district, after he has exunineathe immediate 

neighborhood of the shot and found It free from gas, and otherwise safe. 
Show.-Wtien the flame of a safety lamp becomes elongated or unsteady, owing to 

the presence of fire-damp In the air It is said to show. 
Shutter,— A movable sliding door, having balance weights attached, fitted within the 

outer casing of a Guibal or other closed fan, for regulating the size of the open. 

ing from the fan, to suit the ventilation and economical working of the machine. 
Side.-O-) The more or less vertical face or wall of coal or goaf forming one side of 
an underground working place. 

ERlb. 
A district. 
n.—A chain hooked on to the sides of cars running on an Incline or along 
a gangway, to keep the cars together In case a coupling breaks. 
Sight.— A bearing or angle taken with a compass or transit when making a survey. 
Sing.—Tlit noise made by a feeder of gas Issuing from the coal. 
Singing Lamp.— A saf etv lamp, which, when placed In an atmosphere of explosive 
gas, gives out a peculiar sound or note, the strength of the note varylngbi pro- 
portion to the percentage of fire-damp present. 
Single Hope Haulage.— A system of underground haulage, In which a single rope Is 

used, the empty trip running In by gravity. 
Sink.— To excavate.— TO bore or put down a bore hole. 
Sinker.— A man who works at the bottom of a shaft In course of being sunk. 



. ._^ -w w. wJ feet. 

and the discharge end must be lower than'the suction end. - — -• •* 

iSifcicte.— Slides upon which heavy bodies are slid from place to place. 
Skip (English).— (I) A mine car. 

(2) To remove or rob jMfft of a pillar. 
iSlOcJfc.— Small coal which will pass through a screen. There Is no standard size dl8> 

tlngulshlngcoal from slack. 
iSZant.— An underground roadway, driven more or less on the rise or dip of the seam. 
Slate-picker,— O) A man or boy who picks the slate or bony coal from anthracite 
coal. 
(2) A mechanical contrivance for separating slate from coaL 
Sliding Scale.— A mode of regulating the wages paid workingmen, by taking as a 
basis for calculation the market price of coal, the wages rising and falling wltli 
the state of trade. 
Slip.—il) A fault. 

(2) A smooth Jodnt or crack in strata. 
SHt.—A short heading put through to connect two other headings. 
JSOope.-The main engine plane or Inclined roadway driven In the seam of coal 
worked from the outcrop, up which the whole of the produce of the mine is 
raised by the winding engine. 
SmaU.—8ee Slack. 

Smift.—A bit of touch-paper, touch-wood, etc., attached by a bit of clay or grease to 
the outside end of the train of gunpowder when blasting. Its object is to ignite 
the shot after giving the miner sufflclent time to reach a place of safety. ^"^^ 
Socket.— (I ) The Innermost end of a shot hole not blown away after firing. 

(2) A wrought Iron contrivance, by means of which a wire ropeis secuitir 
attached to a chain or hook. ^ 

Solc—A piece of timber set underneath a prop. 
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JSowndlng,—(X) Knocking on a roof to see whether It Is sound or safe to work under. 
(3) Bapplnsr on a pillar so that a person on the other side of It may be 
Bignaled to or to enable him to estimate Its width. 
J^Hder9,—&ee Drum JHngs. 
/Mral Drwn.^See Conical Drum. 
Splint or aplent.—A laminated, coarse, Inferior, dull looking, hard coal, producing 

much white ash ; Intermediate between cannel and bltummous coal. 
SplU.'^il) A division of the air current under ground. 
(2) To divide the ventllatlve current. 
(8) To divide a pillar by driving a passage through It. 
SpoHt.—A short underground passage connecting a main road with an air conrso. 
Sprag.—(.l) A short wooden prop set In a slanting position for keeping up the coal 
during the operation of holing. 
(3) A short round piece of hard wood, pointed at both ends, to act as a 
brake when placed between the spolces of mine car wheels. 
ifi^prinijrXcKcA.— A spring or automatic switch. 
iS^ttd.— A nail with a bole In the head driven into the mine timbers, or a wooden 

plug fitted Into the roof to mark a surveying station. 
Squeete.—See Creep. 
8gttU>.—A straw, rush, paper or quill tube filled with a priming of gunpowder, with 

a slow roatcli on one end. 
Sk^e.—A platform upon which mine cars stand. 

^ioge Pumping.— Uniidna a mine by means of two or more pumps placed at differ- 
ent levels, ^ch of which raises the water to the next pump above or to the sur- 

Stage Working.^A system of working minerals by removing the strata above the 

beds, after which the various beds are removed In steps or stages. 
8taU.—A breast or chamber. . 
8taU Gate.— A road along which the mineral worked In a stall Is conveyed to the 

main road. 
Standing.— '^ot at work, not going forward, Idle.' 

Standing Oae.—A body of fire-damp known to exist In a mine, though fenced (OL. 
Staple.— A shallow pit within a mine. 

Starter.— A man who ascends a chute to the battery and starts the coal to run. 
Steam Coal.— A hard, free burning, non-caking coal. 
Steam Jet.— A sjrstem of ventilating a mine by means of a number of jets of steam 

at high pressure kept constantly blowing off from a series of pipes In the bottom 

of tiie upcast shaft. 
Stetntng.—Tne brick or stone lining of a shaft. 
Stemmer.—A copper or wooden bar used for stemming. 

StemnUng,^(.l) Yiue shale or dirt put Into a shot hole after the powder, and rammed 
hard.— Tamping. 
(3) Ramming or beating the stemming solid. 
SttnL—Tbe amount of work to be done by a man m a specified time. 
Stone CtcMx/.— Anthracite In lumps. 

Stonehead.—A heading or gangway driven In stone. A tunnel. 
Stone 7Y<M<n^.— Water-dgnt atone walling of a shaft. Jointed and fastened at the 

back with cement. 
Stock.— A pillar of coal about f oar yards square, being the last portion of a full-sized 

pillar to be worked away In Board and Pillar workings. 



Stook and Feat^er.—A wedge for breaking down coal, worked by hydraulic power, 

the pressure being applied at the extreme inner edge of the drilled hole. 
Stoop.— A pillar of coal. 



Stoop and Room.— A system of working eoal very similar to Pillar and StaU. 
«. — ,- 7.— An alr-tlght wall built across any passageway In a mine. 



iSfoto.— TO nack awayrubblsh Into goaves or old workings. 

Straight Ends and WaUa.—A system of working coal somewhat similar to Board 

ftnd PlUar. Straight Ends are headings from four feet six Inches to six feet In 

width. Walls are pillars thirty feet wide. 
8tr€U.—Tha system of getting coal by headings or narrow work. See Board and 

JWar. 
Strike.— The line at right angles to the dip ; a level course. 
Strike Joints.— J otiits m strata parallel to the stnlke. 
Strip.— To remove the overlying strata of a bed of mineral, and take it oat by 

open work. 
Struck.— litrel full, as a struck bushel. 
Struve Ventilator.— A pneumatic veutllatlng apparatus, consisting of two vessels 

like gas holders, which are moved up and down in water. By this means the air 

is sucked out of the mine as required. 
Stump.— The block of solid coal at the entrance to a breast, having a narrow passage- 
way on either side. 
iSl^ftA^.— Carbonic acid gas. 
Sulphur.— An old term for fire-damp. 
Sump or SumpU—A receptacle into which the drainage of a mine flows and from 

which It Is pumped to the surface. 
Swab8tlck.—A short wooden rod, bruised Into a kind of stumpy brush at one end, for 

cleaning out a drilled hole. 
Swamp.— A depression or natural hollow In a seam. A basin. 
^joeet.—Tree from deleterious gases. , 
SyncUnal.— The point at which the rocks incUne away from each other Uke the two 

legs of the letter V« A basin. 
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SyncUruH ^a^«.— The line or course of a synclinal as determined by tracing a line 
through the lowest points along any stratum. 

Tail 5ac«.— When fire-damp Ignites and the flame Is elongated or creeps back wanfai 
against the curr(>nt of air, it Is said to tail back. 

Tailing.— Thxi blossom, the outcrop or smut. 

Tail-pipe.— TXie suction of a pump. 

Tail Iiope.—(l) A round steel or Iron wire rope, working In conjunction with and 
being an appendage to a main rope in the system of underground 
haulage, where the Inclination of the gangways is only slight. 
The empty cars are drawn in by the tail rope, and the loaded oat 
by the main rope. 
(2) A wire rope attached to cages as a balance. 

Tail Rope System of ffaulage.— This is worked with a single road or line of rails, 
and.generallv applied under the following circumstances. "When the average 
gradient of the road is notsufliclent to cause the empty cars to draw a single rope 
m after it ; when the gradient dipping out is not sufficient to establisD a self- 
acting plane system ; or when the gradfient for the full cars is not sufflcioit to 
enable the trip to draw a single rope after it. The full trip is drawn out by the 
main rope, and the empty trip is drawn In by the tall rope, both ends of the trip 
being attached to a rope. The engine has two drums, one for each rope, one 
always running loose while the other is in gear. 

Take the Air.— To measure the ventllatiog current. 

Tony.— A mark or number placed by the miner on evenr car of coal sent out of his 
place, usually a tin ticket. By counting these, a tally is made of all the cars of 
coal he sends out. 

Tamp.— To flU up a bore hole above the chaise with some strongly resistant sub- 
stance rammed hard upon the powder. 

Tamping.— The stufl! used to tamp with.— See Stemming. 

Tap.—{X> To cut or bore into old workings for the purpose of liberating accumolar 
tions of gas or water. 
(2) To win coalln a new district. 

Teem, sometimes Tern.— To tip rubbish, etc., down a dump. 

Timing Troitah.—A trough into which the water from a mine is pumped. 

Telegraphs.— chutes which convey coal from the screens to pockets. 

ThifL—See Floor. 

Thirl.— See Cross Cut (2). 

Throw.— {!) A fault of dislocation. 

(2) The vertical distance between the two fractured ends of a bed of coal, 
etc., at a fault. 

Thrown.— TtLuKedy broken up by a fault. 

Thrust.— Creep or Squeeze due to weight. 

7imber.—(l) Props, bars, collars, legs, laggings, etc. 
(2) To set or place timber in a mine. 

7Ym«.— Hours of work performed by daymen, laborers, etc. 

Tin Can S(i/ety Lamp.— A Davy lamp placed Inside a tin can or cylinder, having a 
glass in front, air holes near the bottom and open topped, makmg the lampauer 
in a rapid current of air. 

JHp.—A dump. 

'Upper or Tippler.— An apparatus for emptying cars of coal by taming them upside 
down, and then bringing them back to original position with a minimum of 
manual labor. 

Tipple.— The chutes or pockets into which bituminous coal is dumped from mine 
cars, and from which, after being weighed, it is loaded Into cars or boata for 
shipment. 

Tbp.— See Hoof, 

TVar*.— Railways or Tramways. 

Train Boy.— A boy who rides on the trip to attend to rope attachments, aignal In 
case of derailment of cars, etc. 

Tram.— A mine car. 

7Yam-road.—A mine track or railroad. 

Tram-rope.— A hauling rope, to which the cars are attached by a clip or chain, either 
singly or in trips. 

Trap.—{1) A steep heading along which men travel. 
(2) A fault of dislocation. 

2V<M) Door.— A small door, kept locked, fixed In a stopping, for giving accefls to 
firemen and certain others to the return alrwa3rs, dams or other unosed portions 
of the mine. 

2V*ap Dyke.— A fault (not necessarily accompanied by displacement of 8trata> In 
which the spaces between the fractured edges of the beds are filled up by a thick 
wall of Igneous rock. 

Dapper.— A small boy employed underground to open and shut doors during the 
passage of trips. 

TYaveHng itoatf.— An underground passage or way used expressly, though not 
always exclusively, for men to travel along to and from their working places. 

7Wp.— The number of mine cars In one train or set. 

Trompe.—A water-blast apparatus for producing ventilation by the fall of water 
down a shaft. 

Trough Fault.— A wedge shaped fault, or, more correctly, a mass of rock, coaL etc- 
let down in between two faults, which faults, however, are not neceswjEUy ol 
equal throw. 
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Drying the Lamp.— The czamlnstlon of the flame of a safety lamp for the purpoee of 

forming a jaogment as to tbe quantity of fire-damp mixed with the air. 
ni6.-rA mine car. 
Tubbing. —CmX, Iron, and sometimes timber lining or walling of a shaft, to keep back 

springs of water from flowing into a mine. 
2YMIIM2.— A gangway drlren throng rock. 

Tum.—iX) The hours during which ooal, etc.. Is being raised from the mine. 
<2) See 8k{fL 

(8) To open headings or chutes. 
TVm-owl.— A siding or pass-by upon an underground railway. 
Turn PuOey.—A sheaye fixed at tae inside end of an endless or taU-rope hauling 

plane, round which the rope returns. 
Turntable.— A revolving platform on which cars or locomotives are turned round. 
Undercast.— An aircourse carried under another. 
Bhderciay,—A bed of fireclay or other less clayey stratum lying immediately beneath 

a seam of coal. 
OhdercuL— To remove a small portion of the bottom of the bed so that the mass can 

be wedged or blasted down. 
Vnderviewer or Uhderlooker.—Aa Inside foreman. 

Dpcast.— The shaft through which the return air ascends and is got rid of. 
Cpthrow.—A fault which appears as an upthrow. 
vacuum.— An unoccupied space from which the air has been removed without 

allowing other air to flow in. 
Vein.— A seam of coal or other mineral. 
Vent or Vent Bole.— A sYnall passage made with a needle through the tamping, 

which is used for admitting « squib, to enable the charge to be lighted. 
VentUaUng Column.— See Motive Column. 
Ventilating Preseure.— The power or force required to overcome the friction of the 

air in mines. 
VeniUkMon.— The atmospheric air circulating In a mine. 
Ventilator. —A mechanical apparatus for producing a current of air underground. 
yiewer.— The general manager or mining engineer ot one or more collieries, who has 

control of the whole of the underground works, and also generally of thoae upon 

Tblolife.— Capable of wasting away or evaporating. 

Wagon.— A mine car. 

WcuL—iXi The face of a long wan working or breast. 
(8) A rib of solid coal between two breasts. 

WcOUng.—See Stetning. 

Walling Criba.—Ottk cribs or curbs upon which walling Is built. 

Waiting Stage.— A movable wooden scaffold suspended from a crab on the surface, 
upon which the workmen stand when walling or lining a shaft. 

1l^rn«r«.— Apparatus consisting of a variety of delicately constructed machines, 
actuated by chemical, physical, electrical and mechanical properties, for Indlca- 
... all quantities of fire-damp In themmer *^ " — ' 



£ the presence of small quantities of fire-damp In the mines. At present most 

of these ingenious contrivances are more suited to the laboratory than for prao* 
tlcal application underground. 
Warning Lamp.— A saf ety lamp fitted with certain delicate apparatus for indicating 
very small proportions of fire-damp In the atmosphere of a mine. As small a 
quantity as 0'08 per cent, can be by this means determined. 
ira«A.— Drift, clay, stones, etc., overlying the strata. 
Waeh FaiiU.—A portion of a seam of coalreplaced by shale or sandstone. 
Waehing Apparatus or MacMne.—il) Machinery and appliances erected on the sur^ 

face at a colliery, generally In connection 
with coke*ovens, for extracting, by washing 
with water, the Impurities mixed with the 
coal dust or small slack. The principle 
upon which the process is performed is wat 
of gravitation or precipitation. 
(2) Machinery for removing Impurltlei from 
small sizes of anthracite coal on the same 
principle. 

■up air in rise workings under considerable 
has accumulated in the lower workings, 
[ge surrounded by an outer case. The 
r, which is employed to destroy the flame 
eby lessening the chance of an explosion 

ring the drag or friction of air in mines. 

> heading driven very nearly dead level or 

nlng off the water. 

le atmosphere. 

ron upon which tubbing Is built up and 

iftck all water 

i at the face* with hammers and wedges 

;>e, rubber, lead, etc., put In between the 
_ _ _ gether, in order to make a water*tight Joint. 
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LOGARITHMS OF NUMBERS. 

HOW TO USE THEM. 

Logarithms are numbers designed to diminish the labor of multiplication 
and division, by substituting in their stead addition and subtraction. The 
base of the system is 10, and, as a logarithm is the exponent of the power to 
which the base must be raised in order to be equal to a given niunber, all 
niunbeiB are to be regarded as powers of 10 ; hence, 

100 = 1 we have logarithm of 1 =^ 
10» = 10 we have logarithm of 10 = 1 
10* = 100 we have logarithm of 100 = 2 
10» ^ 1,000 we have logarithm of 1,000^ 3 
10« = 10,000 we have logarithm of 10,000 = 4 

Therefore, the logarithms of any number between 1 and 10 are less than 
miity, and are expressed as decimals. The logarithm of any number between 
10 and 100 is more than 1 and less than 2, hence it is equal to one plus a deci- 
mal. Between 100 and 1,000 it is equal to 2 plus a dedmal, etc. Hence the 
following rule : 

The characteristic of a logarithm is always one less than the number of whole 
figures expressing that number. 

The characteristic of the logarithm of 7 is ; the characteristic of 17 is 1 ; 
the characteiistic of 717 is 2, etc. 

To find the logarithm of any number between 1 and 100, look on the first 
page of the table, along the column marked No., for the given number ; op- 
poffite it will be found the logarithm with its characteristic. 

To find the logarithm of any number consisting of three flgnret, proceed in 
the same manner and find the decimal in the first column to the nght of the 
number, prefix to this the characteristic 2. Thus the logarithm of 827 is 
2-514548. As the first two figures of the decimal are the same for several sue- 
cewive figures, they are only given where they change. Thus, the decimal 
part of the logarithm of 302 is '480007. The first two figures remain the same 
up to 310, and are therefore to be supplied. 

To find the logarithm of any number of four figures, look in the column 
headed No., for the first three figures, and then along the top of the page for 
the fourth figure. Down the column headed by the fourih figure, and op- 
posite the first three, will be found the decimal part To this prefix the 
characteristic, 3. 

To find the logarithm of any number containing more than four flrures, 
find the decimal part of the logarithm of the first four figures, then multiply 
the number in the column of differences by the remaimng figures, and ada 
to the decimal part as many figures of the result, counting from the left, as 
there were fifirores in the multiplier. Then prefix the characteristic accord- 
ing to the rules previously given. 

£ZAHPLE.~What is the logarithm of 452789? 

Decimal part of logarithm 4527 is -655810 

Diffterence is 96. 96X89 = 85+ 

Decimal part of logarithm of 452789 =* •655895+ 

Characteristic = 5 ; hence, logarithm is 5*655895. 

To find the logarithm of a decimal fraction, proceed according to previous 
rules, except in regard to the characteristic, where the number consists of 
a whole number and a decimal, the characteristic is one less than the whole 
number. Where it is a simple decimal, or when there are no ciphers be- 
tween the decimal ix>int and the first numerator, th^ characteristic is nega- 
tive, and is expressed by 1, with a minus sign over it. Where there is one 
cipher between the decimal point and first numerator the characteristic is 
2, with a minus sign over it. Where there are two ciphers the characteristic 
is 8, with a minus sign over it. Thus: 



The logarithm of 677 


is 1 831037 


The logarithm of 


6-77 


is 0-831037 


The logarithm of 


•677 


is 1-831037 


The logarithm of 


•0677 


is 2-831037 


The logarithm of 


•00677 is 3-831037 


The characteristic only is negative. 


The decimal part is positive. 



To find the logtHthm of a tnlgrar fraction, subtract the loinititbm of th« 
denominator ttotn. the logarithm of the numeratort The difference is the 
logarithm of the fraction. 

To find the natural number correspondinff to any logaritllm, look in the 
column headed for the first two figures of the decunal part, the other four 
figures are to be looked for in the same or in one of the nine following co^ 
umns. If they are exactly found the number hiudt be made to correspond 
with the characteristic by pointing off decimals or annexing ciphers* 

If the decimal portion can not be found exactly, find the next lower loga* 
jrithm, subtract it from the given logarithm, divide the difference by the num" 
her found in the difference column, and annex the quotient to the natural 
humber found opposite the lower logarithm. 

To multiply by the use of logarithnis, add the logarithms of the £EM}toi8 
together ; tne sum will be the logarithm of their product. 

To divide by use of logarithms, subtract the log;arithm of the divisor from 
the logarithm of the dividend ; the difference will be the logarithm of the 
quotient. 

To square a number by the use of logarithms, multiply the logarithm of 
the number by 2. The product will be the logarithm of the square of the 
number. 

To cube a number, multiply the logarithm of the number by 8. The pro- 
duct will be the logarithm or the cube of the number. 

To raise a number to any power, as 4th, 5th, 6th, or 7th, multiply the loga- 
rithm of the number by 4, 5, 6, or 7, and the results will be the logarithms of 
the 4th, 5th, 6th, or 7th powers respectively. Thus a number can readily bo 
laised to any power required. 

To extract the sanare, cube, fourth, fifth, or any root of a number, divide 
the logarithm of the number by the index of tne root required, and the 
quotient will be the logarithm of the required root. 

Thus, to find the square root of 625 : 

Logarithm of 625 = 2*795880 
2-795880 -J- 2 = 1-397940 

1-397940 = Logarithm of 25 

Therefore, the square root of 625 is 25. 

To find the cube, fourth, or any root, proceed in the same way, using the 
Index of the required root as a divisor. 



TABJiE OF LOGARITHMS OF NUMBERS, 


FROM 1 


TO 


10,000. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


1 


0-000000 


21 


1-322219 


41 


1-612784 


61 


1-785830 


81 


1-908485 


2 


0-301030 


22 


1-342428 


42 


1-623249 


62 


1-792392 


82 


1-913814 


3 


0-477121 


23 


1-361728 


43 


1-638468 


63 


1-799341 


88 


1-919078 


4 


0-602060 


24 


1-380211 


44 


1-643453 


64 


1-806180 


84 


1-924279 


5 


0-698970 


25 


1-397940 


45 


1-653213 


65 


1-812913 


85 


1-929419 


6 


0*778151 


26 


1-414973 


46 


1-662758 


66 


1-819544 


86 


1-934498 


7 


0-845098 


27 


1-431364 


47 


1-672098 


67 


1-826075 


87 


1-939519 


8 


0*903090 


28 


1-447158 


48 


1-681241 


68 


1-832509 


88 


1-944483 


9 


0-954243 


29 


1-462398 


49 


1-690196 


69 


1-838849 


89 


1-949390 


10 


1-000000 


80 


1-477121 


50 


1*698970 


70 


1-845098 


90 


1-954243 


11 


1-041893 


81 


1-491862 


51 


1-707570 


71 


1-851258 


91 


1-959041 


12 


1-079181 


82 


1-505150 
1-518514 


52 


1-716003 


72 


1-857332 


92 


1-968788 


13 


1-113943 


88 


58 


1-724276 


78 


1-868323 


93 


1-968483 


14 


1-146128 


34 


1-531479 


54 


1-732394 


74 


1-869232 


94 


1-973128 


15 


1-176091 


35 


1-544068 


55 


1-740363 


75 


1-875061 


95 


1-977724 


16 


1-204120 


86 


1-556303 


56 


1-748188 


76 


1-880814 


96 


1-982271 


17 


1-230449 


87 


1-568202 


57 


1-755875 


77 


1-886491 


97 


1-966772 


18 


1-255273 


88 


1-579784 


58 


1-763428 


78 


1-892095 


98 


1-991226 


19 


1-278754 


39 


1-591065 


59 


1-770852 


79 


l-8976?7 


99 


1-995635 


20 


1-301030 


40 


1-602060 


60 


1-778151 


80 


1-908090 


100 


2-000000 
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416808 


415974 


416141 


416308 


416474 


16' 


1 


6641 


6807 


6973 


7139 


7306 


7472 


7638 


7804 


7970 


8135 


m 


2 


8301 


8467 


8633 


8798 


8964 


9129 


9295 


9460 


9625 


9791 


16J 


3 


9956 


420121 


420286 


420461 


420616 


420781 


420945 


421110 


421275 


421439 


161 


4 


421604 


1768 


1938 


2097 


2261 


2426 


2590 


2764 


2918 


3082 


16 


5 


3246 


8410 


8574 


8787 


8901 


4065 


4228 


4392 


4555 


4718 


16 


6 


4882 


6045 


5208 


6371 


6534 


6697 


5860 


6023 


6186 


6349 


16: 


7 


6511 


6674 


6836 


6999 


7161 


7324 


7486 


7648 


7811 


7973 


16: 


8 


8135 


8297 


8459 


8621 


8783 


8944 


9106 


9268 


9429 


9591 


16: 


9 


9752 


9914 


430075 


430236 


480898 


430659 


430720 


430881 


431042 


431203 


16; 


270 


431364 


481525 


481685 


431846 


432007 


482167 


432828 


432488 


432649 


432809 


16 


1 


2969 


8130 


8290 


8450 


3610 


3770 


3930 


4090 


4249 


4409 


1® 


2 


4569 


4729 


4888 


- 5048 


5207 


5367 


5626 


5685 


5844 


6004 


151 


8 


6168 


6322 


6481 


6640 


6799 


6957 


7116 


7275 


7433 


7592 


151 


4 


7751 


7909 


8067 


8226 


8384 


8M2 


8701 


8859 


9017 


9175 


15! 


5 


9333 


9491 


9648 


9806 


9964 


440122 


440279 


440437 440594 


440752 


151 


6 


440909 


441066 


441224 


441381 


441538 


1695 


18'>2 


2009 


2166 


232:? 


15' 


7 


2480 


2637 


2793 


2950 


3106 


8263 


3419 


3576 


3732 


.3889 
^5449 


15' 


8 


4045 


4201 


4357 


4513 


4669 


4825 


4981 


5137 


5293 


irx 


_9 


5604 


5760 


5915 


6071 


6226 


6382 


6537 


6692 


6848 


7003 


151 


No. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Dii 



by'Godgle 



6a 



liOGABITHMS OF NUMBERS. 



No. 
280 





1 


2 


3 


4 


447933 


6 


7 


8 


9 


155 


447158 


447813 


447468 


447623 


447778 


448088 


448242 


448397 


448552 


1 


8706 


8861 


9015 


9170 


9324 


9478 


9633 


9787 


9941 


460095 


154 


2 


450249 


450403 


450557 


450711 


450865 


451018 


451172 


451326 


451479 


1633 


154 


3 


1786 


1940 


2093 


2247 


2400 


2553 


2706 


2859 i 3012 


8165 


153 


4 


8318 


8471 


8624 


3777 


8930 


4082 


4235 


4387 


4540 


4692 


153 


5 


4845 


4997 


5150 


5802 


5454 


5606 


5758 


5910 


6062 


6214 


152 


6 


6366 


6518 


6670 


6821 


6973 


7125 


7276 


7428 


7579 


7731 


152 


7 


7882 


8033 


8184 


8336 


8487 


8638 


8789 


8940 


9091 


9242 


151 


8 


9392 


9543 


9694 


9845 


9995 


460146 


460296 


460447 


460597 '460748 


151 


9 


460898 


461048 


461198 


461348 


461499 


1649 


1799 


1948 


2098 


2248 


150 


290 


462398 


462548 


462697 


462847 


462997 


463146 


463296 


463445 


463594 '463744 


150 


1 


3893 


4042 


4191 


4340 


4490 


4639 


4788 


4936 


5085 


5234 


149 


2 


5383 


6532 


5680 


5829 


5977 


6126 


6274 


6423 


6571 


6719 


149 


3 


6868 


7016 


7164 


7312 


7460 


7608 


7756 


7904 


8052 


8200 


148 


4 


8347 


8495 


8643 


8790 


8938 


9085 


9233 


9380 


9527 


9675 


148 


5 


9822 


9969 


470116 


470263 


470410 


470557 


470704 


476851 


470998 


471145 


147 


6 


471292 


471438 


1585 


1732 


1878 


2025 


2171 


2318 


2464 


2610 


146 


7 


2756 


2903 


3049 


3195 


3341 


3487 


3633 


3779 


3925 


4071 


146 


8 


4216 


4362 


4508 


4653 


4799 


4944 


5090 


5235 


5381 


5526 


146 


9 


5671 


5816 


5962 


6107 


6252 


6397 


6542 


6687 


6832 


6976 


145 


300 


477121 


477266 


477411 


477555 


477700 


477844 


477989 


478133 


478278 '478422: 145 


1 


8566 


8711 


8855 


8999 


9143 


9287 


9431 


9575 


97191 9863^144 


2 


480007 


480151 


480294 


480438 


480582 


480725 


480869 


481012 


481156 481299 


144 


8 


1443 


1586 


1729 


1872 


2016 


2159 


2302 


2445 


25881 2731 


143 


4 


2874 


8016 


8159 


3802 


3445 


3587 


3730 


38V2 


4015 


4157 


143 


5 


4300 


4442 


4585 


4727 


4869 


5011 


5153 


5295 


6437 


5579 


142 


6 


5721 


5863 


6005 


6147 


6289 


6430 


6572 


6714 


6855 


6997 


142 


7 


7138 


7280 


7421 


7563 


7704 


7845 


7986 


8127 


8269 


8410 


141 


8 


8551 


8692 


8833 


8974 


9114 


9255 


9396 


9537 


9677 


9818 


141 


9 


0958 


490099 


490239 


490380 


490520 


490661 


490801 


490941 


491081 


491222 


140 


310 


491362 


491502 


491642 


491782 


491922 


492062 


492201 


492341 


492481 492621 


140 


1 


2760 


2900 


3040 


3179 


3319 


3458 


3597 


3737 


3876 i 4015 1391 


2 


4155 


4294 


4433 


4572 


4711 


4850 


4989 


5128 


6267 


5406 139 


8 


5544 


5688 


5822 


5960 


6099 


6238 


6376 


6515 


6653 


6791 139 


4 


6930 


7068 


7206 


7844 


7483 


7621 


7759 


7897 


8035 


8173 138 


5 


8311 


8448 


8586 


8724 


8862 


8999 


9137 


9275 


9412 


9550 138 


6 


9687 


9824 


9962 


500099 


500236 


500374 


500511 


500648 


500785 


600922|137 


7 


501059 


501196 


501333 


1470 


1607 


1744 


1880 


2017 


2154 


2291! 137 


8 


2427 


2564 


2700 


2837 


2973 


8109 


3246 


3382 


3518 


•3655 136 


9 


3791 


3927 


4063 


4199 


4335 


4471 


4607 


4743 


4878 


5014 136 


320 


505150 


505286 


505421 


505557 


505693 


505828 


505964 


506099 


506234 


606370 136 


1 


6505 


6640 


6776 


6911 


7046 


7181 


7316 


7451 


7586 


7721 135 


2 


7856 


7991 


8126 


8260 


8395 


8530 


8664 


8799 


8934 


9068 


135 


3 


9203 


9337 


9471 


9606 


9740 


9874 


510009 


510143 


510277 


610411 


134 


4 


510545 


510679 


510813 


510947 


511081 


511215 


1349 


1482 


1616 


1750 


134 


5 


1883 


2017 


2151 


2284 


2418 


2551 


2684 


2818 


2951 


3084 


133 


6 


3218 


3351 


3484 


3617 


8750 


3883 


4016 


4149 


4282 


4415 


133 


7 


4548 


4681 


4813 


4946 


5079 


5211 


5344 


5476 


6609 


5741 


133 


8 


5874 


6006 


6139 


6271 


6403 


6535 


6668 


6800 


6932 


7064 


132 


9 


7196 


7328 


7460 


7592 


7724 


7855 


7987 


8119 


8251 


8382 


132 


330 


518514 


518646 


518777 


518909 


519040 


519171 


519303 


519434 


519666 


519697 


131 


1 


9828 


9959 


520090 


520221 


520353 


520484 


520615 


520745 


520876 


521007 


131 


2 


521138 


521269 


1400 


1530 


1661 


1792 


1922 


2053 


2183 


2314 


131 


8 


2444 


2575 


2705 


2835 


2966 


3096 


3226 


3356 


3486 


3616 


130 


4 


3746 


3876 


4006 


4136 


4266 


4396 


4526 


4656 


4785 


4915 1 130 


5 


5045 


5174 


5304 


5434 


5563 


5693 


5822 


5961 


6081 


6210 129 


6 


6339 


6469 


6598 


6727 


6856 


6985 


7114 


7243 


7372 


7501 129 


7 


7630 


7759 


7888 


8016 


8145 


8274 


8402 


8531 


8660 


8788 129 


8 


8917 


9045 


9174 


9302 


9430 


9559 


9687 


9815 


9943 


530072 328 


_9 
No. 


530200 


530328 


530456 1530584 


530712 


530840 


530968 


531096 


531228 


18&1 128 





1 


2 1 3 


4 


6 


6 


7 


8 


• W 




















- ^^g|^^ 



LOQAKITHMS OP NUBCBEBS. 



7a 



N..i0|li2'3i4 5 '161718 


9 JDur 


$40 531479 531607 


581734 531862 631990 532U7 532245 532372 532500 


632627'l28 


1 27541 2882 


8009 


8136 


8264 


8391. 8518 86461 8';V2 


8899 127 


2 4026. 4153 


4280 


4407 


4634 


46611 4787 i 4914 1 6041 


6167 127 


3 62W 


5421 


5547 


6674 


6800' 


5927 


6053 J 6180 


6306 


6432 


126 


4 6558 


6685 


6811 


6937 


70631 


7189 


7315 7441 


7567 


7693 


126 


5 7819 


7^451 8071 


8197 


8322, 


8448 


8574 8699 8826 


8961 


126 


6 9076 


9202 9327 


9452: 9578 


9703 


9829 9954540079 


640204 


125 


7540329 


540455 540580 540705 540830 540955 541080 541206 


1330 


1454 


126 


8 1579 


1704 


18291 1958 


207811 2203 


2327 


2462 


2576 


2701 1 125 


9 2825 


2950 


3074 8199 


3323|' 3447 


3571 


8696 


3820 


8944 124 


350&I4068 


544192 


544816 544440:544564 544688' 


544812 


544986 


546060 


546188 124 


1! 5307 


5431 


5555 


6678 5802 


6925 


6049 


6172 


6296 


6419 124 


2 6513 


6666 


6789 


6913 70361 


7159 


7282 


7406 


7629 


7662 


128 


3 7775 


7898 


8021 


8144 8267 


8389 


8512 


8686 


8768 


8881 


128 


4 9003 


9126 


9249 


9871 WWl 


9616 


9739 


9861 


9984 


650106 


128 


5 550228 


550351 550473 


650505 550717 .'550840 


550962 


5610W 


551206 


1328 


122 


6; 1450 


1572 


1694 


18161 1938 2060 


2181 


2303 


2426 


2647 


122 


7 2668 


2790 


29U 


8033! 3155 8276 


8398 


3519 


8640 


8762 


121 


8 


3883 


4004 


4126 


4247 4368 4489 


4610 


4731 


4852 


4973 


121 


9 


5094 


5215 


5336 


5457 J 55781 6699 


6820 


6940 


6061 


6182 


121 


360 556308 


556423 556544 


556664,556785 556905 


557026 


657146 


557267 


657887 


120 


1' 7507 


7627 


7748 


7868 


7988 1 8108 


8228 


8^9 


»469 


8689 


120 


21 8709 


8829 


8948 


9068 


9188 


9308 


9i2S 


9548 


9667 


9787 


120 


3 9907 


560026 


560146 


560266 


560385 


660504 


560624 


560743 


560668 


660982 


119 


4561101 


1221 


1340 


1469 


1578 


1698 


1817 


1936 


2056 


2174 


119 


5 2293 


2412 


2581 


2660 


27691 


2887 


3006 


8125 


8244 


8362 


119 


6 3481 


3600 


3718 


8837 


89551 


4074 


4192 


4811 


4429 


4648 


U9 


7 4666 


4784 


4903 


6021 


51391 


5257 


6376 


M94 


6612 


6780 


118 


8i 5848 


5966 


6084 


6202 


6320; 


6437 


6555 


6678 


6791 


6909 


118 


9 7026 

1 


7144 


7262 


7379 


7497 


7614 


7732 


7849 


7967 


8084 


118 


370 568202 568319 


568436 


568554 568671 ' 


568788 


568905 


569023 


569140 


569267 


U7 


1 9374. 9491 


9608! 9?25' 9M2! 9959i 


5700761570193 


570309 


570426 


117 


2 570543 570660 


570776 570893 i 571010 , 571126 1 


1243 


1359 


1476 


1692 


U7 


3 1709 


1825 


1942 


2058 2174' 2291 


2407 


25-23 


2639 


2766 


116 


4 2872 


2988 


8104 


8220 8336 84521 


8568 


S6M 


8800 


8916 


116 


5 4031 


4147 


4263 


4879 1 44W 4610l 


4726 


4841 


4957 


6072 


U6 


6 5188 


5308 


5419 


65341 66501 6765 


6880 


6996 


6U1 


6226 


116 


7 6341 


6457 


6572 


66871 6802 1 6917 


7032 


7147 


7262 


7377 


116 


8 7492 


7607 


7722 


7836t 7951 1 8066 


8181 


8*2951 MIO 


8525 


116 


9^ 8639 87>4| 8868 


89831 9097 1 9212 


9326 


9441 9555 


9669 


U4 


380 5797W 579698 580012 


680126 580241 580355 


580469 


580583 58069^; 


680811 


114 


158092515810391 1153 1 1267" 1381 1495! 


1608 


1722' 1836 


1950 


114 


2 2063 


21771 22911 2404 2518, 2631 


2745 


28r>8, 2972 


8085 


114 


3 3199 


8312j a426 3539 3652' 3765 


3879 


8992 4105 


4218 


118 


4 4331 


44441 45571 4670 4783' 48% 


6009 6122' 6235 


5348 


118 


5 5461' 5574 5686 5799 5912" 6024 


61371 6250 i 6362 


6476 


118 


6 6587' 6700 6812| 6925 7037. n49 


7262' 73741 74861 7599 


112 


7 mi! 7823 7935. 8047 8160' 8272' 


83MI W%i 8608 87-20 


112 


8 8832. 8944' 9056t 91671 9279 939l! 


95031 96151 97-26 9838 1121 


9, 9950 590061 590173 5902i^ 590396 590507 590619 590730 590842 '590953 

' 1 ' • ' ' I ! I 1 

390 591065 '591176 591287 591399 591510 591621 '591732 591*43 591955 592066 


112 


111 


1 2177 


2288, 2399 


2510 2621 2732 


2JW3! 2954 1 3064 


8175 


111 


2 3286 


8397 3508 


8618 37-29 3^0* 


3950! 4061 4171 


4282 


111 


3 4393 


4503 4614 


47241 4S:U 4^r 


60551 61651 6276 


5386 


110 


4 5496 


6606 6717 


6827' 5937 6047- 


61571 6267 63771 6487 


110 


5 6597 


6707 6817 


6927 7037 7146 


72561 7366; 7476 7586 


110 


6 7696 


7805' 7914 


8024 8134' 8'243[ 8353' »462i 8572 1 8681 


110 


7 8791 


8900- 9009 


9119 9228 9:3:37 1 9416 95561 9665; 9774 


M 


8 96831 9992 600101 


600210 600:319 600428 60a->37 .600W6 600756 600864 


jm 


9 600973 ;601082| 1191 j 1299 1408 1517, 16'25 17341 1848 ( jjttf" 


■i^' 1 1 1 2 1 S ■ 4 ^ 5 n' 6 ^ 7 1 8 !~JF 





IX)GABITHM8 OF STUMBEBS. 



No. 




602060 


1 
602169 


2 


3 

602386 


4 
602494 


5 


6 


7 

602819 


8. 1 
602928^ 


9 


Dill 
108 


400 


602277 


602608 


602711 


608036 


1 


8144 


8253 


8361 


8469 


8677 


8686 


8794 


8902 


4010 


4118 


108 


2 


4226 


4334 


4442 


4550 


4658 


4766 


4874 


4982 


6089 


5197 


108 


3 


5305 


5413 


5521 


5628 


6736 


6^44 


5951 


6059 


6166 


6274 


108 


4 


6381 


6489 


6596 


6704 


6811 


6919 


7026 


7133 


7241 


7S4S 


107 


5 


7455 


7562 


7669 


7777 


7884 


7991 


8098 


8205 


8312 


8419 


107 


6 


8526 


8633 


8740 


8847 


8954 


9061 


9167 


9274 


9381 


9488 


107 


7 


9594 


9701 


9808 


9914 


610021 


610128 


610234 


610841 


610447 


610554 


107 


8 610660 


610767 


610873,610979 


1086 


1192 


1298 


1405 


1511 


1617 


106 


9 


1723 


1829 


1936 


2042 


2148 


22M 


2360 


2466 


2572 


2678 


106 


410 


612784 


612890 


612996 


618102 


618207 


613313 


613419 


613525 


613630 


613736 


106 


1 


8842 


8947 


4053 


4159 


4264 


4370 


4476 


4581 


4686 


4792 


106 


2 


4897 


6003 


6108 


6218 


6319 


6424 


6529 


6634 


6740 


6&45 


105 


3 


5950 


6055 


6160 


6266 


6870 


6476 


6581 


6686 


6790 


6895 


105 


4 


7000 


7105 


7210 


7315 


7420 


7525 


7629 


7734 


7839 


7943 


105 


5 


8048 


8158 


8257 


8362 


8466 


8571 


8676 


8780 


8884 


8989 


105 


6 


9093 


9198 


9302 


9406 


9511 


9615 


9719 


9824 


9928 


620032 


m 


7 


620136 


620240 


620344 


620448 


620552 


620656 


620760 


620864 


620968 


1072 


104 


8 


1176 


1280 


1384 


1488 


1592 


1695 


1799 


1903 


2007 


2110 


104 


9 


2214 


2318 


2421 


2525 


2628 


2732 


2835 


2989 


8042 


3146 


104 


420 


623249 


623858 


623456 


623559 


623663 


628766 


623869 


623973 


624076 


624179 


108 


1 


4282 


4385 


4488 


4591 


4695 


4798 


4901 


5004 


6107 


5210 


103 


2 


5312 


&415 


6518 


6621 


5724 


5827 


6929 


6032 


6135 


6238 


103 


3 


6340 


6443 


6546 


6648 


6751 


6853 


6956 


7058 


7161 


7263 


103 


4 


7366 


7468 


7571 


7673 


7775 


7878 


7980 


8082 


8185 


8287 


102 


5 


8389 


8491 


8593 


8695 


8797 


8900 


9002 


9104 


9206 


9308 


102 


6 


9410 


9512 


9613 


9715 


9817 


9919 


630021 


680123 


630224 


630326 


ao2 


7 


630428 


630530 


630631 


630733 


630835 


630936 


1038 


1189 


1241 


1342 


102 


8 


1444 


1545 


1647 


1748 


1M9 


1951 


2052 


2153 


2256 


2356 


101 


9 


2457 


2559 


2660 


2761 


2862 


2963 


8064 


8165 


8266 


8367 


101 


430 


633468 


633569 


633670 


633771 


633872 


633973 


684074 


634175 


684276 


634376 


101 


1 


4477 


4578 


4679 


4779 


4880 


4981 


6081 


6182 


6283 


5383 


101 


2 


5484 


5584 


6685 


6785 


6886 


6986 


6087 


6187 


6287 


6388 


100 


3 


6488 


6588 


6688 


6789 


6889 


6989 


7089 


7189 


7290 


7390 


100 


4 


7490 


7590 


7690 


7790 


7890 


7990 


8090 


8190 


8290 


8389 


100 


5 


8489 


8589 


8689 


8789 


8888 


8988 


9088 


9188 


9287 


9387 


100 


6 


9486 


9586 


9686 


9785 


9885 


9984 


640084 


640183 


640283 


640382 


99 


7 


640481 1640581 


640680 640779 


640879 


640978 


1077 


1177 


1276 


1375 


99 


8 


1474 


1573 


1672 


1771 


1871 


1970 


2069 


2168 


2267 


2366 


99 


9 


2465 


2563 


2662 


2761 


2860 


2959 


8058 


8166 


8255 


8354 


99 


440 


648453 643551 


648650 


643749 


643847 


643946 


644044 


644148 


644242 


644340 


98 


1 


4439 1 4537 


4636 


4734 


4832 


4931 


5029 


6127 


6226 


6324 


98 


2 


&422 


5521 


6619 


5717 


6815 


6913 


6011 


6110 


6208 


6306 


98 


8 


6404 


6502 


6600 


6698 


6796 


6894 


6992 


7089 


7187 


7285 


98 


4 


7383 


7481 


7579 


7676 


7774 


7872 


7969 


8067 


8165 


8262 


98 


5 


8360 


8458 


8555 


8653 


8750 


8&48 


8945 


9048 


9140 


9237 


97 


6 


9335 


9432 


9530 


9627 


9724 


9821 


9919 


650016 


650118 


650210 


97 


7 650308 


650405 


650502 


650599 


650696 


650793 


650890 


0987 


1084 


1181 


97 


8 


1278 


1375 


1472 


1569 


1666 


1762 


1859 


1956 


2058 


2150 


97 


9 


2246 


2343 


2440 


2536 


2633 


2730 


2826 


2928 


8019 


8116 


97 


450 658213 1653309 


658405 


653502 


653698 


653695 


653791 


653888 


653984 


654080 


96 


1 


4177 


4273 


4369 


4465 


4562 


4658 


4754 


4850 


4946 


6042 


96 


2 


5138 


6235 


5331 


6427 


5523 


5619 


6715 


6810 


6906 


6002 


96 


8 


6098 


6194 


6290 


6386 


6482 


6677 


6678 


6769 


6864 


6960 


.96 


4 


7056 


7152 


7247 


7343 


7438 


7684 


7629 


7725 


7820 


7916 


96 


5 


8011 


8107 


8202 


8298 


8393 


8488 


8584 


8679 


8774 


8870 


95 


6 ■ 8965 


9060 


9155 


92.50 


9846 


9441 


9536 


9631 


9726 


9821 


95 


7| 9916 


660011 660106 i 660201 


660296 


660391 


660486 


660581 


660676 


660771 


95 


8 660865 


0960 


1055 1150 


1245 


1339 


1434 


1529 


1623 


1718 


95 


9 


1813 



1907 


2C(02 2096 


2191 

4 ' 


2296 


2380 


2475 


2509 
8 


2663 


Dlff 


Vo. 


1 


2 


3 


5 


6 


7 


9 



dbyGoogk 



LOGABITHM8 9' iniMBBBS. 



9a 



No. 
460 





1 


2 


3 


4 


5 


6 

663324 


7 

663418 


8 

663512 


9 

663607 


Diff 

94 


662758 


662852 


662947 


663041 


663135 


663230 


1 


3701 


8795 


3889 


3983 


4078 


4172 


4266 


4360 


4454 


4548 


94 


2 


4642 


4736 


4830 


4924 


5018 


5112 


5206 


5299 


5393 


6487 


94 


8 


5581 


5675 


5769 


5862 


5956 


6050 


6143 


6237 


6331 


6424 


94 


4 


6518 


6612 


6705 


6799 


6892 


6986 


7079 


7173 


r266 


7360 


94 


6 


7453 


7546 


7640 


7733 


7826 


7920 


• 8013 


8106 


8199 


8293 


93 


6 


8386 


M79 


8572 


8665 


8759 


8852 


8945 


9038 


9131 


9224 


93 


7 


9317 


9410 


9503 


9596 


9689 


9782 


9875 


9967 


670060 


670153 


93 


8 


670246 


670339 


670431 


670524 


670617 


670710 


670802 


670895 


0988 


1080 


93 


9 


1173 


1265 


1358 


1451 


1543 


1636 


1728 


1821 


1913 


2005 


93 


470 


672098 


672190 


672283 


672375 


672467 


672560 


672652 


672744 


672836 


672929 


92 


1 


3021 


8113 


3205 


3297 


3390 


3482 


3574 


3666 


3758 


3850 


92 


2 


3942 


4034 


4126 


4218 


4310 


4402 


4494 


4586 


4677 


4769 


92 


8 


4861 


4953 


5045 


5137 


5228 


5320 


5412 


6503 


5595 


5687 


92 


4 


6778 


5870 


6962 


6053 


6145 


6236 


6328 


6419 


6511 


6602 


92 


5 


6694 


6785 


6876 


6968 


7059 


7151 


7242 


7333 


7424 


7516 


91 


6 


7607 


7698 


7789 


7881 


7972 


8063 


8164 


8245 


8336 


8427 


91 


7 


8518 


8609 


8700 


8791 


8882 


8973 


9064 


9155 


9246 


9337 


91 


8 


9428 


9519 


9610 


9700 


9791 


9882 


9973 


680063 


680154 


680245 


91 


9 680836 


680426 


680517 


680607 


680698 


680789 


680879 


0970 


1060 


1151 


91 


480 681241 


681332 


681422 


681513 


681603 


681693 


681784 


681874 


681964 


682055 


90 


1 2145 


2235 


2326 


2416 


2506 


2596 


2686 


2777 


2867 


2957 


90 


2 3047 


3137 


3227 


3317 


3407 


3497 


3587 


3677 


3767 


3857 


90 


3! 3947 


4037 


4127 


4217 


4807 


4396 


4486 


4576 


4666 


4756 


90 


4 


4845 


4935 


5025 


6114 


5204 


6294 


5383 


6473 


5563 


5652 


90 


5 


5742 


5831 


5921 


6010 


6100 


6189 


6279 


6368 


6458 


6547 


89 


6 


6636 


6726 


6815 


6904 


6994 


7083 


7172 


7261 


7351 


7440 


89 


7 


7529 


7618 


7707 


7796 


7886 


7975 


8064 


8153 


8242 


8331 


89 


8 


8420 


8509 


8598 


8687 


8776 


8865 


8953 


9042 


9131 


9220 


89 


9 


9809 


9398 


9486 


9575 


9664 


9753 


9841 


9930 


690019 


690107 


89 


490 


690196 


690285 


690373 


690462 


690550 


690639 


690728 


690816 


690905 


690993 


89 


1 


1081 


1170 


1258 


1347 


1435 


1524 


1612 


1700 


1789 


1877 


88 


2 


1965 


2053 


2142 


2230 


2318 


2406 


2494 


2583 


2671 


2759 


88 


8 


2847 


2935 


3023 


3111 


3199 


3287 


3375 


3463 


3551 


3639 


88 


4 


8727 


3815 


3903 


3991 


4078 


4166 


4254 


4342 


4430 


4517 


88 


5 


4605 


4693 


4781 


4868 


4956 


5044 


5131 


6219 


6307 


5394 


88 


6 


5482 


6569 


5657 


5744 


5832 


5919 


6007 


6094 


6182 


6269 


87 


7 


6856 


6444 


6531 


6618 


6706 


6793 


6880 


6968 


7055 


7142 


87 


8 


7229 


7317 


7404 


7491 


7578 


7665 


7752 


7839 


7926 


8014 


87 


» 


8101 


8188 


8275 


8362 


8449 


8535 


8622 


8709 


8796 


8883 


87 


500*698970 


699057 


699144 


699231 


699317 


699404 


699491 


699578 


699664 699751 


87 


l! 9838 


9924 


700011 


700098 


700184 


700271 


700358 


700444 


700531 700617 


87 


2 700704 


700790 


0877 


0963 


1050 


1136 


1222 


1309 


1395 


1482 


86 


3 1568 


1654 


1741 


1827 


1913 


1999 


2086 


2172 


2258 


2344 


86 


4 


2431 


2517 


2603 


2689 


2775 


2861 


2947 


3033 


3119 


3205 


86 


5 


8291 


3377 


3463 


3549 


3635 


3721 


3807 


3893 


3979 


4065 


86 


6 


4151 


4236 


4322 


4408 


4494 


4579 


4665 


4751 


4837 


4922 


86 


7 


5008 


5094 


5179 


5265 


6350 


5436 


5522 


5607 


5693 


5778 


86 


8 


5864 


5949 


6035 


6120 


6206 


6291 


6376 


6462 


6547 


6632 


85 


9 


6718 


6803 


6888 


6974 


7059 


7144 


7229 


7315 


7400 


7485 


85 


510 


707570 


707655 


707740 


7078261707911 


707996 


708081 


708166 


708251 


708336 


85 


1 


8421 


8506 


8591 


86761 8761 


, 8846 


8931 


9015 


9100 


9185 


85 


2 


9270 


9355 


9440 


95241 9609 


9694 


9779 


9863 


9948 


710033 


85 


3 


710117 


710202 


710287 i710371 710456 


710M0 


710625 


710710 


710794 


0879 


85 


4 


0963 


1048 


1132 1217: 1301 


138.5 


1470 


1554 


1639 


172:} 


84 


5 


1807 


1892 


1976 20()0 , 2144 


2229 


2313 


2397 


2481 


2566 


84 


6 2650 


2734 


2818 29021 2986 


3070 


3154 


3238 


3323 


3407 


84 


7 ^91 


3575 


3659 3742 ; 3820 


3910 


3994 


4078 


4162 


4246 


84 


8 


4330 


4414 


4497 4581 ! 4665 


4749 


4833 


4916 


5000 


5084 


84 


9 


5167 


5251 


5335 5418 


5502 

4 


5586 


5669 
6 ' 


5753 
7 


5836 


5920 


_84 

Dlff 


Ho. 





1 


2 3 


5 


8 


9 


















Digitizedb 


yCoC 


)Qle 





10a 



COGABITHMS OF NUMBEBS. 



No. 





1 


2 

716170 


3 


4 


5 


6 


7 

716588 


8 
716671 


9 

716754 


Diff 
83 


520 


716003 


716087 


716254 


716337 


716421 


716504 


1 


6838 


6921 


7004 


7088 


7171 


7254 


7338 


7421 


7504 


7587 


83 


2 


7671 


7754 


7837 


7920 


8003 


8086 


8169 


8253 


8336 


8419 


83 


8 


8502 


8585 


8668 


8751 


8834 


8917 


9000 


9083 


9165 


9248 


83 


4 


9331 


9414 


9497 


9580 


9663 


9745 


9828 


9911 


9994 


720077 


83 


5 


720159 


720242 


720325 


720407 


720490 


720573 


720655 


720738 '720821 


0903 


83 


6 


0986 


1068 


1151 


1233 


1316 


1398 


1481 


1563 


1646 


1728 


82 


7 


1811 


1893 


1975 


2058 


2140 


2222 


2305 


2387 


:M69 


2552 


82 


8 


2634 


2716 


2798 


2881 


2963 


3045 


3127 


3209 


3291 


8374 


82 


9 


3456 


8538 


3620 


3702 


3784 


3866 


3948 


4030 


4112 


4194 


82 


530 


724276 


724858 


724440 


724622 


724604 


724685 


724767 


724849 


724931 


725013 


82 


1 


. 5095 


5176 


6258 


6340 


5422 


6503 


6585 


6667 


5748 


5830 


82 


2 


6912 


6993 


6075 


6156 


6238 


6820 


6401 


6483 


6564 


6646 


82 


3 


6727 


6809 


6890 


6972 


7053 


7134 


7216 


7297 


7379 


7460 


81 


4 


7541 


7623 


7704 


7785 


7866 


7948 


8029 


8110 


8191 


8278 


81 


5 


8354 


8435 


8516 


8597 


8678 


8759 


8841 


8922 


9003 


9084 


81 


6 


9165 


9246 


9327 


9408 


9489 


9570 


9651 


9732 


9813 


9893 


81 


7 


9974 


730055 


730136 


730217 


730298 


780378 


730459 


780540 


730621 


730702 


81 


8 


730782 


0863 


0944 


1024 


1105 


1186 


1266 


1347 


1428 


1508 


81 


9 


1589 


1669 


1750 


1830 


1911 


1991 


2072 


2152 


22;^S 


2313 


81 


540 


732394 


732474 


732555 


732635 


732715 


V32'/96 


782876 


732956 


733037 


733117 


80 


1 


3197 


3278 


3358 


3438 


3518 


8598 


3679 


3759 


3839 


8919 


80 


2 


3999 


4079 


4160 


4240 


4320 


4400 


4480 


4660 


4640 


4720 


80 


3 


4800 


4880 


4960 


6040 


6120 


5200 


5279 


6359 


6439 


6619 


80 


4 


5599 


6679 


5759 


6838 


6918 


6998 


6078 


6167 


6237 


6317 


80 


5 


6397 


6476 


6556 


6635 


6715 


6795 


6874 


6954 


7034 


7113 


80 


6 


7193 


7272 


7352 


7431 


7611 


7690 


7670 


7749 


7829 


7908 


79 


7 


7987 


8067 


8146 


8225 


8305 


8384 


8463 


8543 


8622 


8701 


79 


8 


8781 


8860 


8939 


9018 


9097 


9177 


9256 


9835 


9414 


9i9S 


79 


9 


9572 


9651 


9731 


9810 


9889 


9968 


740047 


740126 


740205 


740284 


79 


550 


740363 


740442 


740521 


740600 


740678 


740757 


740886 


740915 


740994 


741073 


79 


1 


1152 


1230 


1309 


1388 


1467 


1546 


1624 


1708 


1782 


1860 


79 


2 


1939 


2018 


2096 


2175 


2254 


2332 


2411 


2489 


2568 


2647 


79 


3 


2725 


2804 


2882 


2961 


3039 


3118 


3196 


3275 


3353 


3431 


78 


4 


3510 


3588 


3667 


3745 


3823 


3902 


3980 


4058 


4136 


4215 


78 


5 


4293 


4371 


4449 


4528 


4606 


4684 


4762 


4840 


4919 


4997 


78 


6 


6075 


6153 


5231 


5309 


6387 


5465 


5543 


5621 


6699 


5777 


78 


7 


5855 


5933 


6011 


6089 


6167 


6245 


6323 


6401 


6479 


6556 


78 


8 


6634 


6712 


6790 


6868 


6945 


7023 


7101 


7179 


7256 


7834 


78 


9 


7412 


7489 


7567 


7645 


7722 


7800 


7878 


7955 


8083 


8110 


78 


560 


748188 


748266 


748343 


748421 


748498 


748576 


748653 


748731 


748808 


748885 


77 


1 


8963 


9040 


9118 


9195 


9272 


9350 


9427 


9504 


9582 


9659 


77 


2 


9736 


9814 


9891 


9968 


750045 


760123 


750200 


750277 


760854 


750431 


77 


3 


750508 


750586 


750663 


750740 


0817 


0894 


0971 


1048 


1125 


1202 


77 


4 


1279 


1356 


1433 


1610 


1587 


1664 


1741 


1818 


1895 


1972 


77 


5 


2048 


2125 


2202 


2279 


2356 


2433 


2509 


2686 


2663 


2740 


77 


6 


2816 


2898 


2970 


3047 


3128 


3200 


8277 


3353 


8430 


3506 


77 


7 


3583 


8660 


3736 


8813 


3889 


3966 


4042 


4119 


4195 


4272 


77 


8 


4348 


4425 


4501 


4578 


4654 


4730 


4807 


4883 


4960 


5036 


76 


9 


5112 


6189 


6265 


6341 


6417 


5494 


5570 


6646 


6722 


5799 


76 


570 


755875 1755951 


756027 


756103 


756180 


756256 


766332 


766408 


756484 


756560 


76 


1 


6636 


6712 


.6788 


6864 


6940 


7016 


7092 


7168 


7244 


7320 


76 


2 


7396 


7472 


7548 


7624 


7700 


7775 


7851 


7927 


8003 


8079 


76 


3 


8155 


8230 


8306 


8382 


8458 


8533 


8609 


8685 


8761 


8836 


76 


4 


8912 


8988 


9063 


9139 


9214 


9290 


9366 


9441 


9517 


9592 


76 


5 


9668 9743 


9819 


9894 


9970 


760045 


760121 


760196 


760272 


760347 


75 


6 


760422 


760498 


760573 


760649 


760724 


0799 


0875 


0950 


1025 


1101 


75 


7 


1176 


1251 


1326 


1402 


1477 


1552 


1627 


1702 


1778 


1853 


75 


8 


1928 


2003 


2078 


2153 


2228 


2303 


2378 


2453 


2529 


2604 


75 


_9 


2679 


2754 


2829 
2 


2904 


2978 


3053 


3128 


3203 


3278 


8358 


Jb 


No. 





1 • 


3 


4 


6 


1 6 


7 


8 


ft^ 


ML 



LOGABITHMS OF NUMBBB8. 



11a 



No. 





1 


2 


3 


4 


5 11 6 


7 


8 1 9 


Diff 

75 


580 


763428 


763503 


763578 


763653 


768727 


7638021763877 


763952 


764027 


764101 


1 


4176 


4251 


4326 


4400 


4475 


4550 


4621 


4699 


4774 


4848 


75 


2 


4923 


49d8 


6072 


6147 


6221 


5296 


6370 


6445 


6520 


6594 


76 


3 


5669 


5743 


5818 


6892 


6966 


6041 


6115 


6190 


6264 


6338 


74 


4 


6413 


6487 


6562 


6636 


6710 


6785 


6859 


6933 


7007 


7082 


74 


5 


7156 


7230 


7304 


7379 


7453 


7527 


7601 


7675 


7749 


7823 


74 


6 


7898 


7972 


8046 


8120 


8194 


8268 


8342 


W16 


8490 


8564 


74 


7 


8638 


8712 


8786 


8860 


8934 


9008 


9082 


9156 


9230 


9303 


74 


8 


9377 


9451 


9525 


9699 


9673 


9746 


9820 


9894 


9968 


770042 


74 


9 


770115 


T70189 


770263 


770336 


770410 


770484 


770557 


770631 


770705 


0778 


74 


590 


770852 


770926 


770999 


771073 


771146 


771220 


771293 


771367 


771440 


771514 


74 


1 


1587 


1661 


1734 


1808 


1881 


1955 


2028 


2102 


2176 


2248 


73 


2 


2322 


2395 


2468 


2542 


2615 


2688 


2762 


2835 


2908 


2981 


73 


3 


3055 


3128 


3201 


3274 


8348 


3421 


8494 


3667 


3640 


3713 


73 


4 


3786 


3860 


8933 


4006 


4079 


4152 


4225 


4298 


4371 


4444 


73 


5 


4517 


4590 


4663 


4736 


4809 


4882 


4955 


6028 


6100 


6173 


7S 


6 


5246 


5819 


5392 


6465 


6538 


6610 


6683 


6756 


6829 


6902 


73 


7 


6974 


6047 


6120 


6193 


6265 


6338 


6411 


6483 


6556 


6629 


73 


8 


6701 


6774 


6846 


6919 


6992 


7064 


7137 


7209 


7282 


7354 


73 


9 


7427 


7499 


7572 


7644 


7717 


7789 


7862 


7934 


8006 


8079 


72 


600 


778151 


778224 


778296 


T78368 


778441 


778613 


778585 


778658 


778730 


778802 


72 


1 


8874 


8947 


9019 


9091 


9163 


9236 


9308 


9380 


9452 


9524 


72 


2 


9596 


9669 


9741 


9813 


9885 


9957 


780029 


780101 


780173 


780245 


72 


8 


780317 


780389 


780461 


780533 


780605 


780677 


0749 


0821 


0893 


0965 


72 


4 


1037 


1109 


1181 


125;^ 


1324 


13% 


1468 


1540 


1612 


1684 


72 


5 


1755 


1827 


1899 


1971 


2012 


2114 


2186 


2258 


2329 


2401 


72 


6 


2473 


2544 


2616 


2688 


2759 


2831 


2902 


2974 


3046 


8117 


72 


7 


3189 


3260 


8332 


3403 


3475 


3516 


8618 


3689 


3761 


8832 


71 


8 


3904 


3975 


4046 


4118 


4189 


4261 


4332 


4403 


4475 


4646 


71 


9 


4617 


4689 


4760 


4831 


4902 


4974 


6045 


5116 


6187 


5259 


71 


610 


785330 


785401 


785472 


785542 


785615 


785686 


785757 


785828 


785899 


786970 


71 


1 


6041 


6112 


emi 


6254 


6325 


639<) 


6467 


6538 


6609 


6680 


71 


2 


6751 


.6822 


6893 


6964 


7035 


7106 


7177 


7248 


7319 


7390 


71 


3 


7460 


7531 


7602 


7673 


7744 


7815 


7885 


7956 


8027 


8098 


71 


4 


8168 


8239 


8310 


8381 


8451 


8522 


8593 


8663 


8734 


8804 


71 


5 


8875 


8946 


9016 


9087 


9157 


9228 


9299 


9369 


9440 


9510 


71 


6 


9581 


9651 


9722 


9792 


9863 


9933 


790004 


790074 


790144 


790215 


70 


7 


790285 


790366 


790426 


790196 


790567 


790637 


0707 


0778 


0848 


0918 


70 


8 


0988 


1059 


1129 


1199 


1269 


1340 


1410 


1480 


1550 


1620 


70 


9 


1691 


1761 


1831 


1901 


1971 


2041 


2111 


2181 


2252 


2322 


70 


620 


792392 


792462 


792532 


792602 


792672 


792742 


792812 


792882 


792952 


793022 


70 


1 


3092 


8162 


3231 


3301 


8371 


3441 


3511 


3581 


3651 


3721 


70 


2 


3790 


8860 


8930 


4000 


4070 


4139 


4209 


4279 


4349 


4418 


70 


3 


4488 


4558 


4627 


4697 


4767 


4836 


4906 


4976 


6045 


4115 70 


4 


5185 


6254 


6824 


6393 


6463 


5532 


6602 


5672 


5741 


5811 70 


5 


5880 


5949 


6019 


6088 


6168 


6227 


6297 


6366 


6436 


6505 69 


6 


6574 


6644 


6713 


6782 


6852 


6921 


6990 


7060 


7129 


7198 69 


7 


7268 


7337 


7406 


7475 


7545 


7614 


7683 
8374 


7752 


7821 


7890 69 


8 


7960 


8029 


8098 


8167 


8236 


8305 


8443 


8613 


8582 69 


9 8651 


8720 


8789 


8858 


8927 


8996 


9065 


9134 


9203 


9272 69 


630 799341 


799409 


799478 


799547 


79961C 


799685:' 799754 


799823 799892 


799961 69 


1 800029 


800098 800167 


800236 


800305 


800373!! 800442 


800511 800580 800648; 69 


21 0717 


0786 0854 


09231 0992! 


1061 ;| 1129 


1198' 12661 1335! 69 


3 


1404 


1472 


1541 


1609 1678, 


1747 1 1815 


1884 1952; 20211 69 


4 


2089 


2168 


2226 


2295 2363: 


2432 ii 2500 


25681 2637 2705; 68 


5 


2774 


2842 


2910 


2979 8047 


3116 1 3181 


3252: 3321 


3389! 68 


6 


3457 


8625 


8694 


3662 3730 


3798;! 3867 


8935: 4003 


4071 68 


7 


4139 


4208 


4276 


4344 4412 


4480 


4548 


4616 4685 


4753 


68 


8 


4821 


4889 


4957 


5025 5093' 


5161 


5229 


5297 5365 


5133 


68 


_9 
Wo. 


5501 


5569 


6637 


5705 6773 


5841 


6908 


5976 


6044 
8 


6112 
9 


_68 
Diff 





1 


2 


3 4 1 


5 


) 6 


7 



12a 



LOOABITHMS OF NUMBERS. 





No. 
640 





1 1 2 


3 


4 


5 


6 ! 7 


8 


1 9 


Diff 






806180 


806248 


806816 


806384 


806451 


806519 


806587 


806655 


806723 806790: 68 






1 


6858 


6926 


6994 


7061 


7129 


7197 


7264 


7832 


7400 7467 68 






2 


7535 


7603 


7670 


7738 


7806 


7873 


7941 


8008 


8076 8143' 68 






8 


8211 


8279 


8346 


8414 


8481 


8549 


8616 


8684 


8751 8818 


67 






4 


8886 


8953 


9021 


9088 


9156 


9223 


9290 


9358 


9425 9492 


67 






5 


9560 


9627 


%94 


9762 


9829 


9896 


9964 


810081 


810098 


810165 


67 






6 


810233 


810300 


810367 


810434 


810501 


810569 


810636 


0703 


0770 


0837 


67 






7 


0904 


0971 


1039 


1106 


1178 


1240 


1307 


1874 


1441 


1508 


67 






8 


1575 


1642 


1709 


1776 


1843 


1910 


1977 


2044 


2111 


2178 


67 






9 


2245 


2312 


2379 


2445 


2512 


2579 


2646 


2718 


2780 


2847 


67 






650 


812913 


812980 


818047 


818114 


818181 


818247 


818814 


813881 


813448 


818514 


67 






1 


8581 


8648 


8714 


8781 


8848 


8914 


8981 


4048 


4114 


4181 


67 






2 


4248 


4814 


4881 


4447 


4514 


4581 


4647 


4714 


4780 


4847 


67 






8 


4913 


4980 


5046 


6118 


6179 


6246 


5812 


6378 


6445 


6511 


66 






4 


5578 


5644 


5711 


5777 


6848 


6910 


6976 


6042 


6109 


6176 


66 






*5 


6241 


6308 


6874 


6440 


6506 


6573 


6689 


6705 


6771 


6838 


66 






6 


6904 


6970 


7036 


7102 


7169 


7235 


7801 


7867 


7433 


7499 


66 






7 


7565 


7631 


7698 


7764 


7830 


7896 


7962 


8028 


8094 


8160 


66 






8 


8226 


8292 


8358 


8424 


8490 


8556 


8622 


8688 


8754 


8820 


66 






9 


8885 


8951 


9017 


9083 


9149 


9215 


9281 


9846 


9412 


9478 


66 






660 


819544 


819610 


819676 


819741 


819807 


819873 


819939 


820004 


820070 


820136 


66 






1 


820201 


820267 


820883 


820399 


820464 


820530 


820595 


0661 


0727 


0792 


66 






2 


0858 


0924 


0989 


1055 


1120 


1186 


1251 


1817 


1882 


1448 


66 






8 


1514 


1579 


1645 


1710 


1775 


1841 


1906 


1972 


2037 


2103 


65 






4 


2168 


2233 


2299 


2364 


2430 


2495 


2560 




2691 


2766 


65 






5 


2822 


2887 


2952 


8018 


8083 


8148 


3213 


3279 


8844 


3409 


65 






6 


8474 


8539 


8605 


8670 


8735 


8800 


8865 


8930 


8996 


4061 


65 






7 


4126 


4191 


4256 


4321 


4386 


4451 


4516 


4581 


4646 


4711 


65 






8 


4776 


4841 


4906 


4971 


5036 


5101 


6166 


6281 


6296 


6361 


65 






9 


5426 


6491 


5556 


6621 


6686 


6751 


6816 


6880 


6945 


6010 


65 






670 


826075 


826140 


826204 


826269 


826834 


826399 


826464 


826628 


826598 


826658 


65 






1 


6723 


6787 


6852 


6917 


6981 


7046 


7111 


7175 


7240 


7305 


65 






2 


7369 


7484 


7499 


7568 


7628 


7692 


7757 


7821 


7886 


7951 


65 






8 


8015 


8080 


8144 


8209 


8273 


8338 


8402 


8467 


8581 


8595 


64 






4 


8660 


8724 


8789 


8853 


8918 


8982 


9046 


9111 


9176 


9239 


64 






6 


9304 


9368 


9432 


9497 


9661 


9625 


9690 


9754 


9818 


9882 


64 






6 


9947 


880011 


880075 


880139 


880204 


830268 


830332 


880896 


830460 


880525 


64 






7 


830589 


0653 


0717 


0781 


0845 


0909 


0973 


1037 


1102 


1166 


64 






8 


1230 


1294 


1358 


1422 


1486 


1550 


1614 


1678 


1742 


1806 


64 






9 


1870 


1984 


1998 


2062 


2126 


2189 


2253 


2317 


2381 


2445 


64 






680 


832509 


882573 


832637 


882700 


882764 


832828 


882892 


882956 


888020 


833083 


64 






1 


3147 


8211 


3275 


8338 


8402 


8466- 


8580 


8693 


3657 


3721 


64 






2 


3784 


8848 


8912 


8975 


4039 


4103 


4166 


4230 


4294 


4367 


64 






3 


4421 


4484 


4548 


4611 


4675 


4739 


4802 


4866 


4929 


4993 


64 






4 


5056 


5120 


6183 


5247 


6810 


6373 


5437 


6500 


6664 


5627 


63 






5 


5691 


5754 


5817 


6881 


6944 


6007 


6071 


6134 


6197 


6261 


63 






6 


6324 


6387 


6451 


6514 


6577 


6641 


6704 


6767 


6830 


6894 


63 






7 


6957 


7020 


7083 


7146 


7210 


7273 


7336 


7899 


7462 


7525 


63 






8 


7588 


7652 


7715 


7778 


7841 


79(M 


7967 


8080 


8098 


8156 


63 






9 


8219 


8282 


8345 


8408 


8471 


8534 


8597 


8660 


8728 


8786 


63 






690 


838849 


888912 


838975 


889038 


839101 


839164 


839227 


839289 


839852 


839415 


63 






1 


9478 


9541 


9604 


9667 


9729 


9792 


9855 


9918 


9981 


840043 


63 






2 


840106 


840169 


840232 


840294 


840357 


840420 


840482 


840545 


840608 


0671 


63 






3 


0733 


0796 


0859 


0921 


0984 


1046 


1109 


1172 


1284 


1297 


63 






4 


1359 


1422 


1485 


1547 


1610 


1672 


1735 


1797 


1860 


1922 


63 






6 


1985 


2047 


2110 


2172 


2235 


2297 


2360 


.2422 


2484 


2547 


62 






6 


2609 


2672 


2734 


2796 


2859 


2921 


2983 


3046 


3108 


8170 


62 






7 


3233 


3295 


3357 


3420 


8482 


3541 


8606 


3669 


3781 


3793 


62 






8 


3855 


3918 


3980 


4042 


4104 


4166 


4229 


4291 


4353 


4415 


62 






_9 
No. 


4477 


4539 


4601 


4664 


4726 


4788 


4850 


4912 


4974 


5086 


62 







1 


2 


3 


4 


5 


6 


7 


8 


9 


Diff 




















iyitize 


JbyCiC 


)Ogle 









LOGARtY&Md 01^ imMBBBd. 



13a 



No. 


1 1 1 


2 


8 1 4 II 6 l< 6 1 7 1 8 1 d 


DIff 


700 


»i5098 '845160 


846222 


845284 845346 845408 845470 845532 845594 845656 


62 


1 


sns 


5780 


6812 


5904 


5066 6028 


6090 6151 


6213! 6275 


62 


2 


6337 


6399 


6461 


6523 


6585 6ft46 


67081 6770 


6832 


mn 


62 


3 


6965 


7017 


7079 


7141 


7202 7264 


7326! 7388 


7449 


7511 


62 


4 1 7573 


7634 


7696 


7758 


7819, 7881 


7943' 80O4 


8066 


8128 


62 


5 


8189 


8251 


8312 


8374 


8435 


8497 


8559 


8620 


8682 


8743 


62 


6 


8805 


8866 


8928 


8989 


9051 


9112 


9174 


9235 


9297 


9358 


61 


7 


9419 


9481 


9542 


9604 


96651 


9726 


9788 


9849 


9911 


9972 


61 


8 


850033 


850095 


850156 


850217 850279 


850340 


850401 


850462 


850524 


850585 


61 


9 


0646 


0707 


0769 


0830 0891 


0952 


1014 


1075 


1136 


1197 


61 


710 


851258 


861820 


851381 


851442 851503 


851564 


851625 


851686 


851747 


861809 


61 


1 


1870 


1931 


1992 


2053 


2114 i 


2175 


2236 


2297 


2358 


2419 


61 


2 


2480 


2541 


2602 


2663 


2724 


2785 


2846 


2907 


2968 


3029 


61 


3 


3090 


8150 


8211 


8272 


3333 


3394 


3455 


3516 


3577 


3637 


61 


4 


3608 


3759 


8820 


8881 


8941 


4002 


4063 


4124 


4185 


4245 


61 


5 


4306 


4367 


4428 


4488 


4649 


4610 


4670 


4731 


4792 


4852 


61 


6 


4913 


4974 


5031 


5095 


6156' 


5216 


6277 


6337 


5398 


6459 


61 


7 


5519 


5580 


6640 


5701 


6761; 


5822 


5882 


5943 


6003 


6064 


61 


8 


6124 


6185 


6245 


6306 


6366 


6427 


6487 


6548 


6608 


6668 


60 


9 


6729 


6789 


6850 


6910 


6970| 


7031 


7091 


7152 


7212 


7272 


60 


720 


857332 


857893 


857453 


857513 


857574 


857634 


857694 


857755 


857815 


857875 


60 


1 


7935 


7995 


8056 


8116 


8176; 


8236 


8297 


8357 


8417 


8477 


60 


2 


8537 


8597 


8657 


8718 


8T78 


8838 


8898 


8958 


9018 


9078 


60 


3 


9138 


9198 


9258 


9318 


9379 


9439 


9499 


9559 


9619 


9679 


60 


4 


9739 


9799 


9859 


9918 


9978 


860038 


860098 


860158 


860218 


860278 


60 


5 


860338 


860398 


860458 


860518 


860578 


0637 


0697 


0757 


0817 


0877 


60 


6 


0937 


09% 


1056 


1116 


1176 


1236 


1295 


1355 


1415 


1475 


60 


7 


1534 


1694 


1654 


1714 


1773 


1833 


1893 


1952 


2012 


2072 


60 


8 


2131 


2191 


2251 


2810 


2370 


2430 


2489 


2549 


2608 


2668 


60 


9 


2728 


2787 


2847 


2906 


2966 


8025 


3085 


8144 


3204 


8263 


60 


730 '863823 


863882 


863442 


863501 


863561 


863620 


863680 


868739 


863799 


863858 


59 


1 


3917 


8977 


4036 


4096 


4155 


4214 


4274 


4333 


4392 


4452 


59 


2 


4511 


4570 


4630 


4689 


4748 


4808 


4867 


4926 


4985 


6045 


59 


3 


6104 


6168 


5222 


5282 


5341 


6400 


6459 


5519 


6578 


5637 


59 


4 


5696 


6765 


6814 


5874 


6933; 


6992 


6051 


6110 


6169 


6228 


59 


6 


6287 


6346 


6405 


6465 


6524! 


6583 


6642 


6701 


6760 


6819 


59 


6 


6878 


6937 


6996 


7055 


7114 


7173 


7232 


7291 


7350 


7409 


69 


7 


7467 


7526 


7585 


7644 


7703 


7762 


7821 


7880 


7939 


7998 


59 


8 


8056 


8116 


8174 


8233 


8292 


8350 


8409 


8468 


8527 


8586 


59 


9 


8644 


8708 


8762 


8821 


88791 


8938 


8997 


9056 


9114 


9173 


59 


740 869232 


8G9290 


869349 


869408 


869466 1! 869525 


869584 


869642 869'/01 


869760 


59 


ll 9818 


9877 


9935 


9994 


870053 


870111 


870170 870228 


870287 


870345 


59 


2 870404 


870462 


870521 


870579 


0638 


0696 


0755 


0813 


0872 


0930 


58 


3 


0989 


1047 


1106 


1164 


12231 


1281 


1339 


1398 


1456 


1515 


58 


4 


1573 


1631 


1690 


1748 


1806' 


1865 


1923 


1981 


2040 


2098 


58 


5 


2156 


2216 


2273 


2331 


2389 


2448 


2506 


2564 


2622 


2681 


58 


6 


2739 


2797 


2855 


2913 


2972 


3030 


3088 


3146 


8204 


8262 


58 


7| 3321 


3879 


8437 


8495 


3553 


8611 


3669 


8727 


8785 


8844 


58 


8! 3902 


8960 


4018 


4076 


4134 


4192 


4250 


4308 


4366 


4424 


58 


9 4482 


4640 


4598 


4656 


4714 


4772 


4830 


4888 


4945 


5003 


58 


750 875061 


876119 


875177 


875235 


875293 


875351 


875409 


875466 


875524 875582 


68 


1 


6640 


5698 


6756 


5813 


6871. 


6929 


5987, 6045 


6102 


6160 


58 


2 


6218 


6276 


6383 


6391 


6449 


6507 


6564' 6622 


6680 


6737 


58 


3 


6795 


6853 


6910 


6968 


7026 


7083 


7141 7199 


7256 


7314 


58 


4 


7371 


7429 


7487 


7544 


7602 


7659 


7717; 7774 


7832 


7889 


58 


5 


7947 


8004 


8062 


8119 


8177 


8234 


8292 8349 


8407 


8464 


57 


6 


8522 


8679 


8637 


8694 


8752 


8809 1 8856i 8924 


8981 


9039 


57 


7 


9096 


9153 


9211 


9268 


9325 


9383 ' 9440 1 9497 


9555 


9612 


57 


8 


9669 


9726 


9784 


9841 


9898 


9956 ,880013 880070 


880127 


880185 


57 


9880242 


880299 


880366 


88W13 880471 880528 ij 0585 

S 1 4 II 5 II 6 


0612 


0699 


0756 


57 


Ho.| 


t 


a 


7 


8 


9 


Dlff 



Googk 



14a 
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LOGARITHMIC SINES AND TANGENTS, 



LOGARITHMIC SINES AND TANGENTS. 

When natural sines and tangents are used, it is necessary to perform tedious 
and often lengthy operations of multiplication and division. By the use of 
logarithmic sines and tangents, in coinunction with the logarithms of num- 
bers, these operations are reduced to addition and subtraction. 

The sines, cosines, tangents, and cotangents are found in the same manner 
in this table as in the table of natural sines and tangents. 




FORMULiE FOE SOLUTION OF RIGHT-ANGLED TRIANGLES. 

Log. A C = log. cosine A + log. of A B + 10. 
Log. A C = log. B C + 10 — log. tangent A. 
Log. B C = log. sine A + log. A B — 10.* 
Log. B C = log. tang. A + log. A C — 10. 
Log. A B = log. A C + 10 — log. cosine A. 
Log. A B = log. B C -flQ — log. sine A. 
Log. tang. A = log. B C + 10 — log. A C. 
Log. sine A = log. B C + 10 — log. A B. 

FORMULJB FOR SOLUTION OP ANY PLANE TRIANGLE. 

Sine of angle B : log. AC:: sine of A : log. B C. 
Sine of angle A : log. B C :: sine of B : log. A C. 
Thus, if the angle A = 80°, the angle B = 60°, and the angle C = 



the Side B C = 200 ft. Then, 

(log. sine B -f log. B C) — sine A = log. of A C, 
or (9-937631-f 2-301030) — 9-698970 = 2-53959L or 
log. of 846.4-t- . Hence, 346*4+ ft. = side A G 



= 90°, and 
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1>. 


Cosine. 


D. . 


8-718800 


4006 


9-99M04 


11 


721204 


3984 


999398 


11 


723595 


3962 


999391 


11 


7*25972 


8941 


999384 


11 


728337 


3919 


999378 


11 


730688 


8898 


999371 


11 


733027 


8877 


999364 


12 


735354 


3857 


999357 


12 


737667 


8836 


999360 


12 


739969 


:«16 


999348 


12 


742259 


3796 


999336 


12 


8-744586 


8776 


9*999829 


12 


746802 


3756 


9993*22 


12 


749055 


3787 


999315 


12 


751297 


3717 


999306 


12 


753528 


8698 


999801 


12 


755747 


8679 


999294 


12 


757955 


8661 


999286 


12 


760151 


8612 


999279 


12 


762337 


8624 


999272 


12 


764511 


8606 


999265 


•12 


8-766675 


3588 


9-999257 


12 


768828 


3570 


999-250 


13 


770970 


8558 


999-^2 


18 


773101 


8535 


999-235 


18 


775223 


8518 


999227 


18 


777333 


8501 


999220 


18 


779434 


8184 


999212 


13 


781524 


8467 


999205 


18 


783605 


8451 


999197 


18 


785675 


8431 


999189 


13 


8-787736 


8418 


9-999181 


13 


789787 


3402 


999174 


13 


791828 


8386 


999166 


13 


793859 


3370 


999158 


13 


795881 


8354 


999150 


13 


797894 


8339 


990142 


13 


799897 


3323 


999184 


13 


80189iJ 


8308 


999126 


13 


803876 


8*293 


999118 


13 


805852 


3278 


999110 


13 


8-807819 


8263 


9-999102 


13 


809777 


3*249 


999094 


14 


8117-26 


3*234 


999086 


14 


813(W7 


8219 


999077 


14 


815599 


3205 


999069 


14 


8175*22 


8191 


999061 


14 


819436 


3177 


999053 


14 


821343 


3163 


999044 


14 


8*23-240 


8149 


999036 


14 


8*25130 


3135 


9990*27 


14 


8-827011 


8122 


9-999019 


14 


828884 


8108 


999010 


14 


830749 


8095 


999002 


14 


83*2607 


3082 


998993 


14 


8:J4456 


3069 


998984 


14 


836297 


3056 


998976 


14 


8;i8130 


3043 


998967 


15 


839956 


3030 


998958 


15 


841774 


3017 


998950 


15 


813585 


8000 


998941 


15 


'i foslne. 




1 Slue. 





Tang. 



8-719396 

721806 
724204 
726588 
728959 
781317 



735996 
738317 
740626 
7429*22 

8-745207 
747479 
749740 
751989 
754227 
756458 



760872 
763065 
765246 

8-767417 
769578 
771727 
778866 
775995 
778114 
780222 
782320 
784408 
786486 

8-788554 
790618 
792662 
794701 
796781 
798752 
800763 
802765 
804758 
806742 

8-808717 
810683 
812641 
8H589 
8165*29 
818461 
820384 
8*22298 
8*24205 
826108 

8-827992 
8*29874 
831748 
833613 
835471 
8373-21 
839163 

■ ^0998 
81*2825 

_84464£ 
Cotang 



D 



4017 
8995 
•3974 
3952 
3930 
3909 
3889 
8868 
3848 
8827 
3807 

8787 
8768 
8749 
87*29 
8710 
8692 
8678 
8655 
8686 
8618 



8565 
3548 
8531 
8514 
8497 
8480 
8464 
8447 



3414 



8352 
8387 
8322 
8307 
8292 

3278 
8262 
3*248 
8*233 
3*219 
3*205 
3191 
3177 
3163 
8150 



8128 
3110 
3096 
3083 
3070 
8057 
8045 
8032 
8019 



Cotang. 



11-280604 
278194 
275796 
273412 
271041 
268683 
266337 
261004 
261683 
259374 
257078 

11-254798 
252521 
250260 
248011 
245778 
248547 
241332 
289128 
236935 
234754 

11-232588 
280422 
228273 
226134 
224005 
221886 
219778 
217680 
215592 
213514 

11-211446 • 
209887 
207888 
205299 
203269 
201248 
199287 
197*285 
195242 
193258 

11191283 
189317 
187859 
185411 
183471 
181539 
179616 
177702 
175795 
178897 

11-172008 
170126 
168252 
166387 
164529 
162679 
160887 
159002 
15T175 
155856 



Tang. 



86 Decrees. 



dbyVjOG 







LOQABITHMIC SINKS AND TANGENTS. 




23c 








4 Be^rees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







8-843585 


8005 


9-998941 


15 


8-844644 


3019 


11-155366 


60 


1 


845387 


2992 


998932 


16 


846456 


3007 


163545 


59 


2 


847183 


2980 


998923 


16 


848260 


2995 


161740 


58 


3 


848971 


2967 


998914 


15 


850057 


2982 


149943 


57 


4 


850751 


2955 


998905 


15 


861846 


2970 


148154 


56 


5 


852525 


2943 


998896 


16 


853628 


2958 


146372 


56 


6 


854291 


2931 


998887 


16 


865403 


2946 


144597 


54 


7 


856049 


2919 


998878 


15 


857171 


2935 


142829 


53 


8 


857801 


2907 


998869 


15 


858932 


2923 


141068 


62 


9 


859546 


2896 


998860 


16 


860686 


2911 


139314 


51 


10 


861283 


2884 


998851 


15 


862433 


2900 


137667 


50 


11 


8-863014 


2873 


9-998841 


16 


8-864173 


2888 


11-135827 


49 


12 


864738 


2861 


998832 


15 


866906 


2877 


134094 


48 


13 


866455 


2850 


998823 


16 


867632 


2866 


132368 


47 


14 


868165 


2839 


998813 


16 


869351 


2854 


130649 


46 


15 


869868 


2828 


998804 


16 


871064 


2843 


128936 


45 


16 


871565 


2817 


998795 


16 


872770 


2832 


127230 


44 


17 


873255 


2806 


998786 


16 


874469 


2821 


125531 


43 


18 


874938 


2795 


998776 


16 


876162 


2811 


123838 


42 


19 


876615 


2786 


998766 


16 


877849 


2800 


122161 


41 


20 


878285 


2773 


998757 


16 


879529 


2789 


120471 


40 


21 


8-879949 


2763 


9-998747 


16 


8-881202 


2779 


11-118798 


39 


22 


881607 


2752 


998738 


16 


882869 


2768 


117131 


38 


23 


883258 


2742 


998728 


16 


884530 


2768 


116470 


37 


24 


884903 


2731 


998718 


16 


886186 


• 2747 


113815 


36 


25 


886542 


2?21 


998708 


16 


887833 


2737 


112167 


35 


26 


888174 


2711 


998699 


16 


889476 


2727 


110624 


34 


27 


889801 


2700 


998689 


16 


891112 


2717 


108888 


33 


28 


891421 


2690 


998679 


16 


892742 


2707 


107268 


32 


29 


893035 


2680 


998669 


17 


894366 


2697 


105634 


31 


30 


894643 


2670 


998659 


17 


896984 


2687 


104016 


30 


31 


8-896246 


2660 


9-998649 


17 


8-897596 


2677 


11-102404 


29 


32 


897842 


2651 


998639 


17 


899203 


2667 


100797 


28 


33 


899432 


2641 


998629 


17 


900803 


2658 


099197 


27 


34 


901017 


2631 


998619 


17 


902398 


2648 


097602 


26 


35 


902596 


2622 


998609 


17 


903987 


2638 


096013 


25 


36 


904169 


2612 


998699 • 


17 


905570 


2629 


094430 


24 


37 


905736 


2603 


998589 


17 


907147 


2620 


092863 


23 


38 


907297 


2593 


998578 


17 


908719 


2610 


091281 


22 


39 


908853 


2684 


998568 


17 


910285 


2601 


089716 


21 


40 


910404 


2575 


998658 


17 


911846 


2592 


088154 


20 


41 


8-911949 


2566 


9-998548 


17 


8-913401 


2683 


11-086599 


19 


42 


913488 


2556 


998537 


17 


914961 


2574 


085049 


18 


43 


915022 


2647 


998627 


17 


916495 


2566 


083605 


17 


44 


916550 


2538 


998516 


18 


918034 


2556 


081966 


16 


45 


9180';3 


2529 


998606 


18 


919568 


2547 


080432 


15 


46 


919591 


2520 


998496 


18 


921096 


2538 


078904 


14 


47 


921103 


2512 


998486 


18 


922619 


2530 


077381 


13 


48 


922610 


2503 


998474 


18 


924136 


2521 


075864 


12 


49 


924112 


2494 


998464 


18 


926649 


2512 


074351 


11 


50 


925609 


2486' 


998453 


18 


927156 


2503 


072844 


10 


61 


8-927100 


2477 


9-998442 


18 


8-928658 


2496 


11-071342 


9 


62 


928587 


2469 . 


998131 


18 


930156 


2486 


069^46 


8 


53 


930068 


2460 


998421 


18 


931647 


2478 


068353 


7 


54 


931544 


2452 


998410 


18 


933134 


2470 


066866 


6 


55 


933015 


2443 


998399 


18 


934616 


2461 


065384 


6 


56 


934481 


2435 


998388 


18 


936093 


2453 


063907 


4 


57 


935942 


2427 


998377 


18 


937565 


2446 


062435 


3 


58 


937398 


2419 


998366 


18 


939032 


2437 


0609G8 


2 


59 


938850 


2411 


998355 


18 


940494 


2430 


059506 


1 


60 


940296 


2403 


998344 


18 


941952 


2421 


058048 







Cosine. 




Sine. 




Cotang. 


f-^ 


Tang. 


M. 








86 


Boffr 


aes. :yitiz 


edbyLjO 


^. 





24a 



LOQABITHMIC SINES AND TANGENTS. 









6 Desrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 1 1 





8-940296 


2403 


9-998344 


19 


8-941952 


•2421 


11-058048 


60 


1 


941738 


2394 


998333 


19 


943404 


2413 


056596 


59 


2 


943174 


2387 


998322 


19 


944852 


2405 


055148 


58 


3 


944606 


2379 


998311 


19 


946295 


2397 


053705 


57 


4 


946034 


2371 


998300 


19 


947734 


2390 


052266 


56 


5 


947456 


2363 


998289 


19 


949168 


2382 


050832 


55 


6 


948874 


2355 


998277 


19 


950597 


2374 


(M9403 


54 


7 


950287 


2348 


998266 


19 


952021 


2366 


047979 


53 


8 


951696 


2340 


998255 


19 


953441 


2360 


046559 


52 


9 


953100 


2332 


998243 


19 


954856 


2351 


045144 


51 


10 


954499 


2325 


998232 


19 


956267 


2344 


043733 


50 


11 


8-955894 


2317 


9-998220 


19 


8-957674 


2337 


11-042326 


49 


12 


957284 


2310 


998209 


19 


959075 


2329 


040925 


48 


13 


958670 


2302 


998197 


19 


960473 


2323 


039527 


47 


14 


960052 


2295 


998186 


19 


961866 


2314 


038134 


46 


15 


961429 


2288 


998174 


19 


963255 


2307 


036745 


45 


16 


962801 


2280 


998163 


19 


964639 


2300 


035361 


44 


17 


964170 


2273 


998151 


19 


966019 


2293 


033981 


43 


18 


965534 


2266 


998139 


20 


967394 


2286 


032606 


42 


19 


966893 


2259 


998128 


20 


968766 


2279 


031234 


41 


20 


968249 


2252 


998116 


20 


970133 


2271 


029867 


40 


21 


8-969600 


2244 


9-998104 


20 


8-971496 


2265 


11-028504 


39 


22 


970947 


2238 


998092 


20 


972855 


2257 


• 027145 


38 


23 


972289 


2231. 


998080 


20 


974209 


2251 


025791 


37 


24 


973628 


2224 


,998068 


20 


975560 


2244 


024440 


36 


25 


974962 


2217 


998056 


20 


976906 


2237 


023094. 


35 


26 


976293 


2210 


998044 


20 


978248 


2230 


021752 


34 


27 


977619 


2203 


• 998032 


20 


979586 


2223 


020414 


33 


28 


978941 


2197 


998020 


20 


980921 


2217 


019079 , 


32 


29 


980259 


2190 


998008 


20 


982251 


2210 


017749 


31 


30 


981573 


2183 


997996 


20 


983577 


2204 


016423 


30 


31 


8-982883 


2177 


9-997984 


20 


8-984899 


2197 


11-015101 


29 


32 


984189 


2170 


997972 


20 


986217 


2191 


013783 


28 


33 


985491 


2163 


997959 


20 


987532 


2184 


012468 


27 


34 


986789 


2157 


997947 


20 


988842 


2178 


011158 


*26 


35 


988083 


2150 


997935 


21 


990149 


2171 


009851 


25 


36 


989374 


2144 


9979-22 


21 


991451 


2105 


008549 


24 


37 


990660 


2138 


997910 


21 


992750 


2158 


007250 


•23 


38 


991943 


2131 


997897 


21 


994045 


2152 


005955 


•22 


39 


993222 


2125 


997885 


21 


995337 


2146 


004663 


21 


40 


994497 


2119 


997872 


21 


9966-24 


2140 


003376 


20 


41 


8-995768 


2112 


9-997860 


21 


8-997908 


2134 


11-002092 


19 


42 


997036 


2106 


997847 


21 


999188 


2127 


000812 


18 


43 


998299 


2100 


997835 


21 


9-00O465 


2121 


10-999535 


17 


44 


999560 


2094 


997822 


21 


001738 


2115 


998262 


16 


45 


9-000816 


2087 


997809 


21 


003007 


2109 


996993 


15 


46 


00-2069 


2082 


997797 


21 


004272 


2103 


995728 


14 


47 


003318 


2076 


997784 


21 


005534 


2097 


994466 


IS 


48 


004563 


2070 


997771 


21 


006792 


2091 


993208 


12 


49 


005805 


2064 


997758 


21 


008047 


2085 


991953 


11 


50 


007044 


2058 


997745 


21 


009298 


2080 


990702 


10 


51 


9-008278 


2052 


9-997732 


21 


9010M6 


2074 


10-989454 


9 


52 


009510 


2046 


997719 


21 


011790 


2068 


988210 


8 


53 


010737 


2040 


997706 


21 


013031 


^062 


986969 


7 


54 


011962 


2034 


997693 • 


22 


014268 


2056 


985732 


6 


55 


013182 


2029 


997680 


22 


015502 


2051 


9»4498 


5 


56 


014400 


2023 


997667 


22 


016732 


2045 


983268 


4 


57 


015613 


2017 


9976.>i 


22 


017959 


2040 


982041 


3 


58 


0168*24 


2012 


997G41 


22 


019183 


2033 


980817 


2 


59 


018031 


2006 


997628 


22 


020403 


2028 


979597 


1 


60 


019235 


2000 


997614 


22 


021620 


20-23 


978380 







Cosine. 




Sine. 




Cotang. 




Tang. 


M. 



84 Degrees. 



dbyGoOgk 



LOOAftlTHMlC SINSS AND TANOBNTB. 
6 Degyeea. 



25a 



M- 


Siue. 


1 I>- 


1 Coslue. 


D. 


! Taug. 


D. 


Cotang. 







9-019235 


2000 


9-997614 


22 


9-021620 


202;^ 


10-978380 


60 


1 


0204;^5 


1995 


997601 


22 


022834 


2017 


977166 


59 


2 


021632 


1989 


997588 


22 


024044 


2011 


975956 


58 


3 


022825 


1984 


997574 


22 


025'251 


2006 


974749 


5.7 


4 


024016 


1978 


997561 


22 


026455 


2000 


973545 


56 


5 


025203 


1973 


997547 


22 


027655 


1995 


972345 


55 


6 


026386 


1967 


997534 


23 


028852 


1990 


971148 


54 


7 


027567 


1962 


997520 


23 


030046 


1985 


969954 


53 


8 


028744 


1957 


997607 


23 


031237 


1979 


96876:^ 


52 


9 


029918 


1951 


997493 


23 


032425 


1974 


967575 


51 


10 


031089 


1947 


997480 


23 


033609 


1969 


966391 


50 


11 


9032257 


1941 


9-997466 


23 


9034791 


1964 


10-965209 


49 


12 


0^21 


1936 


997452 


23 


035969 


1958 


964031 


48 


13 


034582 


1930 


997439 


28 


037144 


1953 


962856 


47 


14 


035741 


1925 


997425 


23 


038316 


1948 


961684 


46 


15 


036896 


1920 


997411 


23 


039485 


1943 


960515 


45 


16 


038018 


1915 


997397 


23 


040651 


1938 


959-349 


44 


17 


039197 


1910 


997383 


23 


041813 


1933 


958187 


43 


18 


010342 


1905 


997369 


23 


042973 


1928 


957027 


42 


19 


041485 


1899 


997355 


23 


044130 


1923 


955870 


41 


20 


0426-25 


1894 


997341 


23 


045284 


1918 


954716 


40 


21 


9-043762 


1889 


9-997327 


24 


9046434 


1913 


10-958566 


39 


22 


044895 


1884 


997313 


24 


047582 


1908 


952418 


38 


23 


046026 


1879 


997299 


24 


048727 


1903 


951273 


37 


24 


047154 


1875 


997285 


24 


049869 


1898 


950131 


36 


25 


048279 


1870 


997271 


24 


051008 


1893 


948992 


35 


26 


049400 


1865 


997257 


24 


052144 


1889 


947856 


34 


27 


050519 


1860 


997242 


24 


053277 


1«« 


946723 


33 


28 


051635 


1855 


997228 


24 


054407 


1879 


945593 


32 


29 


052749 


1850 


997214 


24 


055.535 


1874 


944485 


31 


30 


053859 


1845 


997199 


24 


056659 


1870 


943341 


30 


31 


9-054966 


1841 


9.997185 


24 


9-057781 


1865 


10-942219 


29 


32 


056071 


1836 


997170 


24 


058900 


1859 


941100 


28 


33 


067172 


1831 


997156 


24 


060016 


1855 


939984 


27 


31 


058271 


1827 


997141 


24 


061130 


1851 


938870 


26 


35 


059367 


1822 


997127 


24 


062240 


1846 


937760 


25 


36 


060460 


1817 


997112 


24 


063348 


1842 


936652 


24 


37 


061551 


1813 


997098 


24 


064453 


1837 


935547 


23 


38 


062639 


1808 


997083 


25 


065556 


1833 


934444 


22 


39 


063724 


1804 


997068 


25 


066^55 


1828' 


933345 


21 


40 


064806 


1799 


997053 


25 


067752 


1824 


93*2248 


20 


41 


9-065885 


1794 


9-997039 


•25 


9.068846 


1819 


10-931154 


19 


42 


066962 


1790 


997024 


25 


069938 


1815 


930062 


18 


43 


068036 


1786 


997009 


25 


071027 


1810 


928973 


17 


44 


069107 


1781 


996994 


25 


072113 


1806 


927887 


16 


45 


070176 


1777 


996979 


25 


073197 


1802 


926803 


15 


46 


071242 


1772 


996964 


25 


074278 


1797 


925722 


14 


47 


072306 


1768 


996949 


25 


075356 


1793 


9-24644 


13 


48 


073366 


1763 


9969:34 


25 


076432 


1789 


923568 


12 


49 


074424 


1759 


996919 


25 


077505 


1784 


92-2495 


11 


60 


075480 


1755 


996904 


25 


078576 


1780 


921424 


10 


51 


9-076533 


1750 


9-996889 


25 


9-079644 


1776 


10-920356 


9 


52 


077583 


1746 


996874 


25 


080710 


1772 


919-290 


8 


53 


078631 


1742 


996858 


25 


081773 


1767 


918-2-27 


7 


54 


079676 


1738 


996843 


25 


0828:« 


1763 


917167 


6 


55 


080719 


1733 


996828 


25 


083891 


1759 


916109 


5 


50 


081759 


1720 


996812 


26 


084947 


1755 


915053 


4 


57 


082797 


1725 


996797 


26 


086000 


1751 


914000 


3 


58 


083832 


1721 


996782 


26 


087050 


1747 


91*2950 


2 


59 


084864 


1717 


996766 


26 


088098 


1743 


911902 


1 


60 


085894 


1713 


996751 


* 20 


089144 


1738 


910856 







Conine. 




Slnp. 




CotatiK. 




Tang. 


yt 



83 Decrees. 



byUOOgk 



26a 



libQARITHMIC SINES AND TANGENTS. 









7 Degrrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Coiang. 







9-085894 


1713 


9-996751 


26 


9-089144 


1738 


10-910856 


60 


1 


086922 


1709 


996735 


26 


000187 


1734 


909813 


59 


2 


087947 


1704 


990720 


26 


091228 


1730 


908772 


58 


8 


088970 


1700 


996704 


26 


092266 


1727 


907734 


57 


4 


089990 


1696 


996688 


26 


093302 


1722 


906698 


56 


5 


091008 


1692 


996673 


26 


094336 


1719 


905664 


55 


6 


092024 


1688 


996657 


26 


095367 


1715 


904633 


54 


7 


093037 


1684 


996641 


26 


096395 


1711 


903605 


53 


8 


094047 


1680 


996625 


26 


097422 


1707 


902578 


52 


9 


095056 


1676 


996610 


26 


098446 


1703 


901554 


51 


10 


096062 


1673 


996594 


26 


099468 


1699 


900532 


50 


11 


9-097065 


1668 


9-996578 


27 


9-100487 


1695 


10-899513 


49 


12 


098066 


1665 


996562 


27 


101504 


1691 


898496 


48 


13 


099065 


1661 


996546 


27 


102519 


1687 


897481' 


47 


14 


100062 


1657 


996530 


27 


103532 


1684 


896468 


46 


15 


101056 


1653 


996514 


27 


104542 


1680 


895458 


45 


16 


102048 


1649 


996498 


27 


105550 


1676 


894450 


44 


17 


103037 


1645 


996482 


27 


106556 


1672 


893444 


43 


18 


104025 


1641 


996465 


27 


107559 


1669 


892441 


42 


19 


105010 


1638 


996449 


27 


108560 


1665 


891440 


41 


20 


105992 


1634 


996433 


27 


109559 


1661 


890441 


40 


21 


9-106973 


1630 


9-996417 


27 


9-110556 


1658 


10-889444 


39 


22 


107951 


1627 


996400 


27 


111551 


1654 


888449 


38 


23 


108927 


1623 


996384 


27 


112543 


1650 


887457 


37 


24 


109901 


1619 


996368 


27 


113533 


1646 


886467 


36 


25 


110873 


1616 


996351 


27 


114521 


1643 


885479 


35 


26 


111842 


1612 


996335 


27 


115507 


1639 


884493 


31 


27 


112809 


1608 


996318 


27 


116491 


1636 


883509 


33 


28 


113774 


1605 


996302 


28 


117472 


1632 


882528 


32 


29 


114737 


1601 


996285 


28 


118452 


1629 


881548 


31 


30 


115698 


1597 


996269 


28 


119429 


1625 


880571 


30 


31 


9-116656 


1594 


9-996252 


28 


9-120404 


1622 


10-879596 


29 


32 


117613 


1590 


996235 


28 


121377 


1618 


878623 


28 


33 


118567 


1587 


996219 


28 


122348 


1615 


877652 


27 


34 


119519 


1583 


996202 


28 


123317 


1611 


876683 


2C 


35 


120469 


1580 


996185 


28 


124284 


1607 


875716 


25 


36 


121417 


1576 


996168 


28 


125249 


1604 


874751 


24 


37 


122362 


1573 


996151 


28 


. 126211 


1601 


873789 


23 


38 


123306 


1569 


996134 


28 


127172 


1597 


872828 


22 


39 


124248 


1566 


996117 


28 


128130 


1594 


871870 


21 


40 


125187 


1562 


996100 


28 


129087 


1591 


870913 


20 


41 


9-126125 


1559 


9-996083 


29 


9-130041 


1587 


10-869959 


19 


42 


127060 


1556 


996066 


29 


130994 


1584 


869006 


18 


43 


127993 


1552 


996049 


29 


131944 


1581 


868056 


17 


44 


128925 


1549 


996032 


29 


132893 


1577 


867107 


16 


45 


129854 


1545 


996015 


29 


133839 


1574 


866161 


15 


46 


130781 


1542 


995998 


29 


134784 


1571 


865216 


14 


47 


131706 


1539 


995980 


29 


135726 


1567 


864274 


13 


48 


132630 


1535 


995963 


29 


136667 


1564 


863333 


12 


49 


133551 


1532 


995946 


29 


137605 


1561 


862395 


11 


50 


134470 


1529 


995928 


29 


138542 


1558 


861458 


10 


51 


9-135387 


1525 


9-995911 


29 


9-139476 


1555 


10-860524 


9 


52 


136303 


1522 


995894 


29 


140409 


1551 


859591 


8 


53 


137216 


1519 


995876 


29 


141^0 


1548 


858660 


7 


54 


138128 


1516 


995859 


29 


142269 


1545 


857731 


6 


55 


139037 


1512 


995841 


29 


143196 


1542 


856804 


5 


56 


139944 


1509 


995823 


29 


144121 


1539 


855879 


4 


57 


140&30 


1506 


995806 


29 


145044 


1535 


854956 


3 


58 


141754 


1503 


995788 


2V> 


145966 


1532 


8&4034 


2 


59 


142055 


1500 


995771 


29 


146885 


1529 


«53U5 


, 1 


60 


1435.35 


1496 


995753 


29 


147803 


1526 


852197 


i 


Cosine. 




Sine. 




Cotang. 




T«ng. 


. M. 



82 Decrees. 



LOGARITHMIC SINES AND TANGENTS. 



27< 









8 Decrees. 








Is. 




Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 
10-852197 




9-143555 


1496 


9-995753 


~30~ 


9147803 


1526 


60 


1 


144453 


1493 


995735 


30 


148718 


1523 


851282 


59 


2 


145849 


1490 


995717 


30 


149632 


15-20 


850368 


58 


3 


146243 


1487 


995699 


30 


150544 


1517 


849456 


57 


4 


147136 


1484 


995681 


30 


151454 


1514 


848546 


56 


5 


148026 


1481 


995664 


30 


152363 


1511 


847637 


55 


6 


148915 


1478 


995646 


30 


153269 


1508 


846731 


54 


7 


149802 


1475 


995628 


30 


154174 


1505 


8458-26 


53 


8 


150686 


1472 


995610 


30 


155077 


1502 


844923 


52 


9 


151569 


146^ 


995591 


30 


155978 


1499 


844022 


51 


10 


152451 


1466 


995573 


30 


156877 


1496 


843123 


50 


11 


9153330 


1463 


9-995555 


30 


9157775 


1493 


10-842225 


49 


12 


154208 


1460 


995537 


30 


158671 


1490 


841329 


48 


13 


155083 


1457 


995519 


30 


159565 


1487 


840435 


47 


14 


155957 


1454 


995501 


31 


160457 


1484 


839543 


46 


15 


156830 


1451 


995482 


31 


161347 


1481 


838653 


45 


16 


157700 


1448 


995464 


31 


162236 


1479 


837764 


44 


17 


158569 


1445 . 


995446 


31 


163123 


1476 


836877 


43 


18 


159435 


1442 


995427 


31 


164008 


1473 


835992 


42 


19 


160301 


1439 


995409 


31 


164892 


1470 


835108 


41 


20 


161164 


1436 


995390 


31 


165774 


1467 


834226 


40 


21 


9162025 


1433 


9-995372 


31 


9166654 


1464 


10-833346 


39 


22 


162885 


1430 


995353 


31 


167532 


1461 


' 832468 


38 


23 


163743 


1427 


995334 


31 


168409 


1458 


831591 


37 


24 


164600 


1424 


995316 


31 


169284 


1455 


830716 


36 


25 


165454 


1422 


995297 


31 


170157 


145:^ 


829843 


35 


26 


166307 


1419 


995278 


31 


171029 


1450 


828971 


34 


27 


167159 


1416 


995260 


31 


171899 


1447 


828101 


33 


28 


168008 


1413 


995241 


32 


172767 


1444 


827233 


32 


29 


168856 


1410 


995222 


32 


173634 


1442 


826366 


31 


30 


169702 


1407 


995203 


32 


174499 


1439 


8-25501 


30 


31 


9-170547 


1405 


9-995184 


32 


9-175362 


1436 


10-824638 


29 


32 


171389 


1402 


995165 


32 


176224 


1433 


8-23776 


28 


33 


172230 


1399 


995146 


32 


177084 


1431 


822916 


27 


34 


173070 


1396 


995127 


32 


177942 


1428 


82-2058 


26 


35 


173908 


1394 


995108 


32 


178799 


1425 


821201 


25 


36 


174744 


1391 


995089 


32 


179S55 


1423 


820345 


24 


37 


175578 


1388 


995070 


32 


180508 


1420 


819492 


23 


38 


176411 


1386 


995051 


32 


181360 


1417 


818640 


22 


39 


177242 


1383 


995032 


32 


182211 


1415 


817789 


21 


40 


178072 


1380 


995013 


32 


183059 


1412 


816941 


20 


41 


9-178900 


1377 


9-994993 


32 


9-183907 


1409 


10-816093 


19 


42 


179726 


1374 


994974 


32 


184752 


1407 


815-248 


18 


43 


180551 


1372 


994955 


32 


185597 


1404 


814403 


17 


44 


181374 


1369 


994935 


32 


186439 


1402 


813561 


16 


45 


182196 


1366 


994916 


33 


187280 


1399 


812720 


15 


46 


183016 


1364 


994896 


33 


188120 


1396 


811880 


14 


47 


183834 


1361 


994877 


33 


188958 


1393 


811042 


13 


48 


184651 


1359 


994857 


33 


189794 


1391 


810206 


12 


49 


185466 


1356 


994838 


33 


190629 


1389 


809371 


11 


50 


186280 


1353 


994818 


33 


191462 


1386 


808538 


10 


51 


9-187092 


1351 


■ 9-994798 


33 


9192294 


1384 


10-807706 


9 


52 


187903 


1348 


994779 


33 


193124 


1381 


806876 


8 


53 


188712 


1346 


994759 


33 


193953 


1379 


806047 


7 


54 


189519 


1343 


994739 


33 


194780 


1376 


8052-20 


6 


55 


190325 


1341 


994719 


33 


195606 


1374 


804394 


5 


56 


191130 


1338 


994700 


33 


196430 


1371 


803570 


4 


57 


191933 


1336 


994680 


33 


197253 


1369 


802747 


3 


58 


192734 


1333 


994660 


'SS 


198074 


1366 


801926 


2 


59 


193534 


1330 


994640 


33 


198894 


1364 


801106 


1 


60 


194332 


1328 


994620 


33 


_199713 
Cotang. 


1361 


800287 
Tang. 







Cosine. 


1 Sine. 




r^ 


M. 








81 De 


iffrees. 


lyitiz 


edbyVjU 


^. 





^ 



LOOA&ITfiltlO SINES AND f AKQfiirrS* 
Degree*. 



M. 




Sine. 




Cosino. 


b. 


Taag. 


D. " 


Cotang. 


^^^" 


■ 


9-194332 


1328 


9-994620 


33 


9199713 


1361 


10-800287 


60 




1 


195129 


1326 


994600 


33 


200529 


1359 


799471 


59 




2 


195925 


1328 


994580 


33 


201346 


1356 


798655 


58 




3 


196719 


1321 


994560 


34 


202159 


1354 


797»41 


57 




•1 


197511 


1318- 


994540 


34 


202971 


1352 


797029 


56 




5 


198302 


1316 


994519 


34 


203782 


1349 


796218 


55 




6 


199091 


1313 


994499 


34 


204592 


1347 


795408 


54 




7 


199879 


1311 


994479 


34 


205400 


1346 


794600 


53 




8 


200666 


1308 


994459 


34 


206207 


1342 


793793 


52 




9 


201451 


1306 


994438 


34 


207013 


1340 
18& 


792987 


51 




10 


202234 


1304 


994418 


34 


207817 


792183 


50 




11 


9-208017 


1801 


9-994897 


34 


9-208619 


1885 


10-791381 


49 




12 


203797 


1299 


994377 


34 


209420 


1338 


790580 


48 




13 


204577 


1296 


994357 


84 


210220 


1331 


789780 


47 




14 


205354 


1294 


994886 


84 


211018 


1328 


788982 


46 




15 


206131 


1292 


994816 


34 


211815 


1326 


788185 


45 




16 


206906 


1289 


994295 


34 


212611 


1324 


787889 


44 




17 


207679 


1287 


994274 


36 


213405 


1321 


786695 


43 




18 


208452 


1285 


994254 


36 


214198 


1^19 


785802 


4i 




19 


209222 


1282 


994233 


36 


214989 


1317 


785011 


41 




20 


209992 


1280 


994212 


36 


215780 


1315 


784220 


40 




21 


9-210760 


1278 


9-994191 


36 


9-216568 


1312 


10-788432 


39 




22 


211526 


1275 


994171 


86 


217366 


1310 


782644 


38 




23 


212291 


1273 


994150 


86 


218142 


1308 


781858 


37 




24 


213055 


1271 


994129 


86 


218926 


1806 


781074 


36 




25 


213818 


1268 


994108 


35 


219710 


1303 


780290 


85 




26 


214579 


1266 


994087 


35 


220492 


1301 


779508 


34 




27 


215338 


1264 


994066 


86 


221272 


1299 


778728 


33 




28 


216097 


1261 


994045 


36 


222052 


1297 


777948 


32 




29 


216854 


1259 


994024 


86 


222830 


1294 


777170 


31 




30 


217609 


1257 


994003 


86 


223606 


1292 


V76394 


30 




31 


9-218863 


1255 


9-993981 


86 


9-224382 


1290 


10-775613 


29 




82 


219116 


1253 


993960 


86 


226156 


1288 


774844 


28 




33 


219868 


1250 


993939 


36 


225929 


1286 


774071 


27 




34 


220618 


1248 


993918 


36 


226700 


1284 


773800 


26 




35 


221367 


1246 


993896 


86 


227471 


1281 


772529 


25 




86 


222115 


1244 


993875 


36 


228239 


1279 


771761 


24 




37 


222861 


1242 


993854 


36 


229007 


1277 


770993 


23 




38 


223606 


12:« 


993832 


36 


229773 


1275 


770227 


22 




39 


224349 


1237 


993811 


36 


280539 


1273 


769461 


21 




40 


225092 


1235 


993789 


96 


231302 


1271 


768698 


2J 




41 


9-225833 


1233 


9-993768 


36 


9-282065 


1269 


10-767935 


19 




42 


226573 


1231 


993746 


36 


232826 


1267 


767174 


18 




43 


227311 


1228 


993725 


36 


233586 


1265 


766414 


17 




44 


228048 


3226 


993703 


36 


234345 


1262 


766656 


16 




45 


228784 


1224 


993681 


36 


235103 


1260 


764897 


15 




46 


229518 


1222 


993660 


36 


235859 


1258 


764141 


14 




47 


230252 


1220 


993638 


36 


236614 


1256 


763386 


13 




48 


230984 


1218 


993616 


96 


237368 


1254 


762682 


12 




49 


231714 


1216 


993594 


37 


238120 


1252 


761880 


11 




50 


232444 


1214 


993572 


87 


238872 


1250 


761128 


10 




61 


9-288172 


1212 


9-993550 


37 


9-289622 


1248 


10-760878 1 


9 




52 


233899 


1209 


993528 


87 


240371 


1246 


769629 


8 




53 


234625 


1207 


993506 


87 


241118 


1244 


758882 


7 




54 


235349 


1205 


993484 


37 


241865 


1242 


758135 


6 




55 


236073 


1203 


993462 


87 


242610 


1240 


757390 


5 




56 


236795 


1201 


993440 


37 


243354 


1238 


756646 


4 




57 


237515 


1199 


993418 


37 


244097 


1236 


755903 


8 




58 


238235 


1197 


993396 


37 


244839 
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39 




22 


363954 


885 


988073 


50 


375881 


935 


624119 


38 




23 


864485 


884 


988043 


50 


376442 


934 


623558 


87 




24 


365016 


883 


988013 


50 


377003 


933 


622997 


36 




25 


365546 


882 


987983 


50 


377563 


932 


62-2437 


35 




26 


366075 


881 


987953 


50 


378122 


.931 


621878 


34 




27 


366604 


880 


987922 


50 


378681 


980 


6-21319 


83 




28 


367131 


879 


987892 


50 


379239 


929 


620761 


82 




29 


367659 


877 


987862 


50 


379797 


928 


620203 


81 




30 


868185 


876 


987832 


51 


380354 


927 


619646 


30 




31 


9-368711 


875 


9-987801 


51 


9-380910 


926 


10-619090 


29 




32 


369236 


874 


987771 


51 


381466 


925 


618534 


28 




33 


369761 


873 


987740 


51 


382020 


924 


617980 


27 




34 


870285 


872 


987710 


51 


382575 


923 


617425 


26 




35 


370808 


871 


987679 


51 


383129 


922 


616871 


25 




36 


871330 


870 


987649 


51 


383682 


921 


616318 


24 




37 


371852 


869 


987618 


51 


384234 


920 


615766 


23 




38 


372373 


867 


■987588 


51 


384786 


919 


615214 


22 




39 


372894 


866 


987557 


51 


385337 


918 


614663 


21 




40 


373414 


865 


987526 


51 


385888 


917 


614112 


20 




41 


9-373933 


864 


9-987496 


51 


9-386438 


915 


10-613562 


19 




42 


374452 


863 


987465 


51 


386987 


914 


613013 


18 




43 


374970 


862 


987434 


51 


387536 


913 


612464 


17 




44 


375487 


861 


987403 


52 


388084 


912 


611916 


16 




45 


376003 


860 


987372 


52 


388631 


911 


611369 


15 




46 


376519 


859 


987341 


52 


389178 


910 


610822 


14 




47 


877035 


858 


987310 


52 


389724 


909 


610276 


13 




48 


3775i9 


857 


987279 


52 


390270 


908 


609730 


12 




49 


378063 


856 


987248 


52 


390815 


907 


609185 


11 




60 


378577 


854 


987217 


52 


391360 


906 


608640 


10 




51 


9-379089 


.853 


9-987186 


52 


9-391903 


905 


10-608097 


9 




52 


379601 


852 


987155 


52 


392447 


904 


607553 


8 




53 


380113 


851 


987124 


52 


. 392989 


903 


607011 


7 




54 


380624 


850 


987092 


52 


893531 


902 


606469 


6 




55 


381134 


849 


987061 


52 


394073 


901 


605927 


5 




56 


381643 


848 


987030 


52 


394614 


900 


605386 


4 




57 


382152 


847 


980998 


52 


395154 


899 


604846 


3 




58 


382661 


846 


986967 


52 


39561^ 


898 


604306 


2 




59 


383168 


845 


986936 


52 


396233 


897 


603767 


1 




60 


383675 


844 


986004 


52 


396771 


896 


603229 







Cosine. 




Sine. 




Cotong. 




Tang. 


^ 










76 
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14 Decrees. 








IT 


Sine. 


D. 


Cosine. 


D. 


TMg. 


D. 


Cotong. 


60 





9-383676 


844 


9-986904 


52 


9-396771 


896 


10-603229 


1 


384182 


^3 


986873 


63 


397309 


896 


602691 


59 


2 


384687 


842 


986841 


53 


397846 


895 


602154 


58 


3 


385192 


841 


986809 


53 


398388 


894 


601617 


57 


4 


385697 


840 


986778 


53 


898919 


893 


601081 


56 


5 


386*201 


839 


986746 


58 


399455 


892 


600545 


66 


6 


386704 


838 


986714 


58 


899990 


891 


600010 


54 


7 


387207 


837 


986683 


58 


400524 


890 


599476 


53 


8 


387709 


836 


986651 


53 


401058 


889 


598942 


52 


9 


388210 


835 


986619 


53 


401591 


888 


698409 


51 


10 


388711 


834 


986587 


68 


402124 


887, 


597876 


50 


11 


9-389211 


888 


9-986555 


58 


9-402656 


886 


10-697344 


49 


12 


389711 


832 


986528 


53 


408187 


885 


586813 


48 


13 


390210 


831 


986491 


53 


408718 


884 


mm 

595751 


47 


14 


390708 


830 


986459 


53 


404249 


888 


46 


15 


391206 


828 


986427 


58 


404778 


882 


595222 


45 


16 


391703 


827 


986895 


63 


405308 


881 


594692 


44 


17 


392199 


826 


986363 


54 


405836 


880 


594164 


43 


18 


892695 


825 


966331 


54 


406364 


879 


693636 


42 


19 


393191 


8^ 


986299 


54 


406892 


878 


583108 


41 


20 


393685 


82S 


986266 


54 


407419 


877 


692581 


40 


21 


9-394179 


822 


9-986284 


54 


9-407946 


876 


10-592056 


89 


22 


394673 


821 


986202 


54 


408471 


875 


591529 


88 


23 


395166 


820 


986169 


54 


408997 


874 


591008 


87 


24 


395658 


819 


986187 


54 


409521 


874 


590479 


86 


25 


396150 


818 


986104 


54 


410045 


878 


589955 


86 


26 


396641 


817 


986072 


54 


410569 


872 


589431 


84 


27 


897132 


817 


986039 


54 


411092 


871 


588908 


33 


28 


397621 


816 


986007 


54 


411616 


870 


588385 


82 


29 


898111 


815 


985974 


54 


412187 


869 


687868 


81 


yo 


398600 


814 


.985942 


54 


412658 


868 


687342 


80 


31 


9-399088 


813 


9.985909 


65 


9-418179 


867 


10-686821 


29 


32 


899575 


812 


985876 


56 


413699 


866 


686301 


28 


33 


400062 


811 


985843 


56 


414219 


865 


685781 


27 


M 


400549 


810 


985811 


56 


414738 


864 


585262 


26 


35 


4010:^5 


809 


98577S 


56 


415257 


864 


584743 


26 


36 


401520 


808 


985745 


56 


415775 


868 


584225 


24 


37 


402005 


807 


985712 


55 


416298 


862 


583707 


23 


38 


402489 


806 


985679 


56 


416810 


861 


583190 


22 


39 


402972 


805 


985646 


55 


417326 


860 


582674 


21 


40 


403455 


804 


985613 


56 


417842 


859 


582158 


20 


41 


9-408938 


803 


9-985580 


56 


9-418858 


858 


10-581642 


19 


42 


404420 


802 


986547 


55 


418878 


857 


581127 


18 


43 


404901 


801 


985514 


56 


419387 


856 


580613 


17 


44 


405382 


800 


985480 


56 


419901 


855 


680099 


16 


45 


405862 


799 


985447 


56 


420416 


855 


679585 


16 


46 


406341 


798 


985414 


66 


420927 


854 


679073 


14 


47 


406820 


797 


986380 


66 


421440 


853 


678560 


18 


48 


407299 


796 


985347 


66 


421952 


852 


578048 


12 


49 


407777 


795 


• 985314 


66 


422463 


851 


677537 


11 


50 


406264 


794 


986280 


66 


422974 


850 


577026 


10 


51 


9-408781 


794 


9-985247 


56 


9*423484 


849 


10-676516 


9 


52 


409207 


793 


985213 


56 


428998 


848 


676007 


8 


53 


409682 


792 


985180 


56 


424503 


848 


675497 


7 


54 


410157 


791 


985146 


56 


425011 


847 


674989 


6 


55 


410632 


790 


985113 


56 


425519 


846 


674481 


5 


56 


411106 


789 


985079 


56 


426027 


845 


573973 


4 


57 


411579 


788 


985045 


66 


426534 


844 


573466 


3 


58 


412052 


787 


985011 


56 


427041 


848 


572959 


2 


59 


412524 


786 


984978 


56 


427547 


843 


572453 


1 


60 


412996 


785 


984944. 


56 


428052 


842 


571948 





__ 


CoMine. 




Sine. 


Cotang. 1 


Tang. 


M. 
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16 Decrees. 








mT 


Sine. 


D. 


Cosine. 


D. 
57 


Tang. 


D. 


Cotang. 


1 





9-412996 


785 


9-984944 


9-428052 


842 


10-671948 


60 


1 


413467 


784 


984910 


57 


428557 


841 . 


571443 


59 


2 


413938 


783 


984876 


57 


429062 


840 


570938 


58 


3 


414408 


783 


984842 


57 


429566 


839 


570434 


67 


4 


414878 


782 


984808 


57 


430070 


838 


569930 


56 


6 


415347 


781 


984774 


67 


430573 


838 


569427 


55 


6 


415815 


780 


984740 


57 


431075 


837 


568925 


54 


7 


416288 


779 


9M706 


57 


431577 


836 


568423 


53 


8 


416751 


778 


984672 


57 


432079 


835 


567921 


52 


9 


417217 


777 


984637 


57 


432580 


834 


567420 


51 


LO 


417684 


776 


984603 


67 


433080 


833 


566920 


60 


11 


9-418150 


775 


9-984569 


67 


9-488580 


832 


10-566420 


49 


12 


418615 


774 


984535 


67 


484080 


832 


565920 


48 


13 


419079 


773 


984500 


57 


484579 


831 


565421 


47 


14 


419544 


773 


984466 


67 


436078 


830 


564922 


46 


L5 


420007 


772 


984482 


68 


486676 


829 


664424 


46 


16 


420470 


771 


984397 


58 


436073 


828 


568927 


44 


17 


420938 


770 


984368 


68 


486670 


828 


663430 


43 


18 


421895 


769 


984328 


58 


437067 


827 


662983 


42 


L9 


421857 


768 


984294 


58 


437568 


826 


562487 


41 


20 


422318 


767 


984259 


68 


488069 


826 


661941 


40 


21 


9-422778 


767 


9-984224 


68 


9-488554 


824 


10-561446 


39 


22 


423288 


766 


984190 


58 


489048 


823 


660952 


38 


23 


428697 


766 


984166 


68 


489548 


828 


660457 


87 


24 


424156 


764 


984120 


68 


440086 


822 


669964 


86 


25 


424615 


768 


984086 


68 


440529 


821 


669471 


85 


26 


425073' 


762 


984050 


68 


441022 


820 


558978 


34 


27 


425530 


761 


984016 


68 


441514 


819 


658486 


38 


28 


425987 


760 


983981 


68 


442006 


819 


567994 


82 


29 


426443 


760 


983946 


58 


442497 


818 


557503 


31 


50 


426899 


759 


983911 


58 


442988 


817 


667012 


80 


51 


9-427864 


758 


9-983876 


68 


9-448479 


816 


10-556521 


29 


52 


427809 


757 


988840 


59 


448968 


816 


656082 


28 


53 


428268 


756 


988806 


59 


444468 


815 


655542 


27 


54 


428717 


755 


983770 


69 


444947 


814 


655053 


26 


55 


429170 


754 


988736 


69 


445486 


818 


554565 


25 


56 


429623 




983700 


59 


445928 


812 


564077 


24 


57 


430075 


752 


988664 


69 


446411 


812 


568589- 


23 


58 


430527 


752 


988629 


69 


446898 


8U 


653102 


22 


59 


430978 


751 


983594 


69 


447384 


810 


652616 


21 


iO 


431429 


750 


988568 


69 


447870 


809 


652180 


20 


41 


9*481879 


749 


9-983528 


69 


9-448866 


809 


10-651644 


19 


42 


482329 


749 


988487 


59 


448841 


808 


561169 


18 


13 


432778 


748 


988452 


69 


449326 


807 


660674 


17 


44 


433226 


747 


988416 


69 


449810 


806 


660190 


16 


45 


433675 


746 


988881 


69 


450294 


806 


649706 


15 


46 


434122 


745 


983346 


59 


450777 


806 


649228 


14 


47 


434569 


744 


983309 


69 


461260 


804 


548740 


13 


48 


435016 


744 


983273 


60 


451743 


808 


648257 


12 


49 


435462 


.743 


983238 


60 


452226 


802 


647776 


11 


30 


435908 


742 


983202 


60 


462706 


802 


647294 


10 


51 


9-436358 


741 


9-983166 


60 


9-463187 


801 


.10-646818 


9 


32 


436798 


740 


983130 


60 


453668 


800 


646382 


8 


53 


437242 


740 


983094 


60 


454148 


799 


645852 


7 


54 


437686 


739 


983058 


60 


464628 


799 


646872 


6 


55 


438129 


788 


983022 


60 


465107 


798 


644898 


5 


56 


438572 


787 


982986 


60 


455586 


797 


644414 


4 


57 


439014 


736 


982960 


60 


456064 


796 


648986 


3 


58 


439456 


786 


982914 


60 


456542 


796 


543468 


2 


59 


439897 


735 


982878 


60 


457019 


795 


642981 


1 


50^ 


440338 


734 


982842 


60 


457496 


794 


642504 








Cosine. 




SiDe. 




Cotang. i 


Tang. 


If. 
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16 DetfreM. 








M. 




Sine. 


D. 


Cosine. 


b. ■ 


Tang. 


D. ■ 


Ooumg. 




9-440338 


734 


9-982842 


60 


9-457496 


794 


10-542504 


60 


1 


440778 


733 


982805 


60 


457973 


793 


542027 


59 


2 


441218 


732 


982769 


61 


458449 


793 


541551 


58 


3 


441658 


731 


982733 


6X 


458925 


792 


541076 


57 


4 


442096 


731 


982696 


61 


459400 


791 


540600 


56 


5 


442535 


730 


982660 


61 


459875 


790 


540125 


55 


6 


442973 


729 


982624 


61 


460349 


790 


639651 


54 


7 


443410 


728 


982587 


61 


460823 


789 ' 


539177 


53 


8 


443847 


727 


982551 


61 


461297 


788 


638703 


52 


9 


444284 


727 


982514 


61 


461770 


788 


588230 


51 


10 


444720 


726 


982477 


61 


462242 


787 


637758 


50 


11 


9-445155 


725 


9-982441 


'61 


9-462714 


786 


10-587286 


49 


12 


445590 


724 


982404 


61 


463186 


785 


536814 


48 


13 


446025 


723 


982367 


61 


468658 


785 


686342 


47 


14 


446459 


723 


982331 


61 


464129 


784 


585871 


46 


15 


446893 


722 


982294 


61 


464599 


783 


635401 


45 


16 


447326 


721 


982257 


61 


465069 


783 


534931 


44 


17 


447759 


720 


982220 


62 


465539 


782 


534461 


43 


18 


448191 


720 


982183 


62 


466008 


781 


633992 


42 


19 


448623 


719 


982146 


62 


466476 


780 


638524 


41 


20 


449054 


718 


982109 


62 


466045 


780 


688065 


40 


21 


9-449485 


717 


9*982072 


62 


9-467418 


779 


10-582587 


39 


22 


449915 


716 


982035 


62 


467880 
168347 


778 


532120 


38 


23 


450345 


716 


981998 


62 


778 


631653 


37 


24 


450775 


715 


981961 


62 


468814 


777 


631186 


36 


25 


451204 


714 


981924 


62 


469280 


776 


630720 


35 


26 


451682 


713 


981886 


62 


469746 


775 


630254 


34 


27 


452060 


713 


981849 


62 


470211 


775 


529789 


33 


28 


452488 


712 


981812 


62 


470676 


774 


529324 


82 


29 


452915 


711 


981774 


62 


471141 


773 


528859 


31 


30 


453342 


710 


981787 


62 


471605 


773 


528396 


30 


31 


9-453768 


710 


9-981699 


63 


9-472068 


772 


10-527982 


29 


32 


454194 


709 


981662 


63 


472582 


771 


527468 


28 


83 


454619 


708 


981625 


63 


472996 


771 


627005 


27 


34 


455044 


707 


981587 


63 


478457 


770 


526543 


26 


35 


455469 


707 


981549 


63 


478919 


769 


526061 


25 


36 


455893 


706 


981512 


63 


474881 


769 


625619 


24 


37 


456316 


705 


981474 


63 


474842 


768 


525168 


23 


38 


456739 


704 


981436 


63 


475808 


767 


524697 


22 


39 


457162 


704 


981399 


63 


476768 


767 


524237 


21 


40 


457584 


703 


981361 


63 


476228 


766 


523777 


20 


41 


9-458006 


702 


9-981323 


63 


9-476688 


765 


10-528817 


19 


42 


458427 


701 


981285 


63 


477142 


765 


522858 


18 


43 


458848 


701 


981247 


63 


477601 


764 


522899 


17 


44 


459268 


700 


981209 


63 


478059 


763 


521941 


16 


45 


459688 


699 


981171 


63 


478517 


763 


521488 


15 


46 


460108 


698 


981133 


64 


478975 


762 


521025 


14 


47 


460527 


698 


981095 


64 


479432 


761 


620568 


13 


48 


460946 


697 


981057 


64 


479889 


761 


520111 


12 


49 


461364 


696 


981019 


64 


480345 


760 


519655 


11 


50 


461782 


695 


980981 


64 


480801 


759 


619199 


10 


51 


9-462199 


695 


9.980942 


64 


9-481257 


759 


10-618743 


9 


52 


462616 


694 


980904 


64 


481712 


758 


618288 


8 


53 


463032 


693 


980866 


64 


482167 


757 


617833 


7 


54 


463448 


693 


980827 


64 


482621 


757 


517379 


6 


55 


468864 


692 


980789 


64 


483075 


756 


516925 


5 


56 


464279 


691- 


980750 


64 


483529 


755 


516471 


4 


57 


464694 


690 


980712 


64 


483982 


756 


516018 


8 


58 


465108 


690 


980678 


64 


484435 


754 


515665 


2 


59 


466522 


689 


980635 


64 


484887 


753 


515113 


1 


60 


465985 


688 


980596 


64 


485339 


753 


514661 







Oodne. 




Sine. 




Cotang. 




Tang. 


M. 








7a 


X)e«r« 


es. 


.pHhA-.r 


►OQJe 





LOGAftlTMMW SINKS ANfe TANGfiMTS. 









17 Decrees. 








ii. 




Siae. 


D. 


Cosine. 


D. 
64 


Tang. 


D. 


Coung. 


60 


9-465935 


688 


9-980596 


9-485339 


755 


10-514661 


1 


466348 


688 


980558 


64 


485791 


752 


514209 


59 


2 


466761 


687 


980619 


65 


486242 


751 


613758 


58 


3 


467173 


686 


980480 


65 


486693 


751 


613307 


67 


4 


467585 


685 


980442 


65 


487143 


750 


612857 


66 


5 


467996 


685 


980403 


65 


487593 


749 


612407 


65 


6 


468407 


684 • 


080364 


65 


488043 


749 


611957 


54 


7 


468817 


683 


980325 


65 


488492 


748 


611508 


63 


8 


469227 


68:^ 


980286 


65 


488941 


747 


511059 


52 


9 


469637 


682 


980247 


65 


489390 


747 


510610 


51 


10 


470046 


681 


980208 


65 


489838 


746 


510162 


50 


11 


9-470455 


680 


9-980169 


66 


9-490286 


746 


10-509714 


49 


n 


470863 


680 


980130 


66 


imm 


745 


509267 


48 


13 


471271 


679 


980091 


65 


491180 


744 


608820 


47 


14 


471679 


678 


980052 


65 


491627 


744 


508373 


46 


U 


472086 


678 


980012 


65 


492073 


743 


507927 


45 


16 


472492 


677 


979973 


65 


492519 


743 


507481 


44 


17 


472898 


676 


979934 


66 


492966 


742 


507036 


43 


18 


473304 


676 


979895 


66 


493410 


741 


506690 


42 


19 


473710 


675 


979855 


66 


493854 


740 


606146 


41 


20 


474115 


674 


979816 


66 


494299 


740 


605701 


40 


21 


9-474519 


674 


9-979776 


06 


9-494743 


740 


10-506257 


^ 


22 


474923 


673 


979737 • 


66 


495186 


739 


604814 


38 


23 


475327 


672 


979697 


66 


495630 


738 


504S70 


37 


24 


476730 


672 


979658 


66 


496073 . 


737 


503927 


36 


25 


476133 


671 


979618 


66 


496515 


737 


503485 


35 


26 


476536 


670 


679579 


66 


496957 


736 


503043 


34 


27 


476938 


669 


979539 


66 


497399 


736 


502601 


33 


.28 


477340 


669 


979499 


66 


497841 


736 


502159 


32 


29 


477741 


668 


979459 


66 


498282 


734 


501718 


31 


30 


478142 


667 


979420 


66 


498722 


734 


501278 


30 


31 


9-478642 


667 


9-979380 


66 


9-499163 ■ 


733 


10-500837 


29 


32 


478942 


666 


979340 


66 


499603 


733 


600397 


28 


33 


479342 


666 


979300 


67 


500042 


732 


499958 


27 


34 


479741 


665 


979260 


67 


500481 


731 


499519 


26 


35 


480140 


664 


979220 


67 


600920 


731 


499080 


25 


36 


480539 


663 


979180 


67 


501359 


730 


498641 


24 


37 


480937 


663 


979140 


67 


501797 


730 


498203 


23 


38 


4813^ 


662 


979100 


67 


502235 


729 


497765 


22 


39 


481731 


661 


979059 


67 


502672 


728 


497328 


21 


40 


482128 


661 


979019 


67 


503109 


728 


496891 


20 


41 


9-482525 


660 


9-978979 


67 


9-503546 


727 


10-496454 


19 


42 


482921 


659 


978939 


67 


603982 


727 


496018 


18 


43 


483316 


659 


978898 


67 


604418 


726 


496582 


17 


n 


483712 


658 


978868 


67 


504854 


725 


496146 


16 


484107 


657 


978817 


67 


505289 


725 


494711 


15 


46 


484501 


667 


978777 


67 


505724 


724 


494276 


14 


47 


484895 


656 


978736 


67 


506159 


724 


493841 


13 


48 


485289 


655 


978696 


68 


506593 


723 


493407 


12 


49 


485682 


655 


978655 


68 


507027 


722 


492973 


11 


50 


486075 


654 


978615 


68 


507460 


722 


492540 


10 


51 


9-486467 


653 


9-978574 


68 


9.507893 


721 


10-492107 


9 


52 


486860 


653 


978533 


68 


508:^26 


721 


491674 


8 


53 


487251 


652 


978493 


68 


508759 


720 


49l2il 


7 


M 


487643 


651 


978452 


68 


509191 


719 


490809 


6 


55 


488034 


651 


978411 


68 


509622 


719 


490378 


5 


56 


488424 


650 


978370 


68 


510054 


718 


489946 


4 


57 


488814 


650 


978329 


68 


510486 


718 


489515 


3 


58 


489204 


649 


978288 


68 


510916 


717 


489084 


2 


59 


489593 


648 


978247 


68 


611346 


1 716 


488654 


1 


60 


489982 


648 


978206 


68 


511776 


1 716 


488224 



1L 




Cosine. 




Sine. 




Cotang. 




Tmh. 



7a 







LOGARITHMIC 


SINES 


AND TANGENTS. 




37a 








18 


Decrees. 








M. 


sine. * 


D. 


Cosine. 


D. 


Tang. 


D. 


Gotang. 




9-489982 


648 


9-978206 


68 


9-511776 


716 


10-488224 


"60" 


1 


490371 


648 


978165 


68 


512206 


716 


487794 


69 


2 


490759 


647 


978124 


68 


512635 


715 


487365 


68 


3 


491147 


&16 


978083 


69 


513064 


714 


486936 


67 


4 


491535 


646 


978042 


69 


513493 


714 


486507 


56 


5 


491922 


645 


978001 


69 


513921 


718 


486079 


55 


6 


492308 


644 


977959 


69 


514349 


713 


485651 


54 


7 


492695 


644 


977918 


69 


514777 


712 


485223 


53 


8 


493081 


643 


977877 


69 


515204 


712 


484796 


52 


9 


493466 


642 


977a35 


69 


5156:^1 


711 


484369 


51 


10 


493851 


642 


977794 


69 


516057 


710 


483943 


50 


11 


9-494236 


641 


9-977752 


69 


9-516484 


710 


10-483516 


49 


12 


494621 


641 


977711 


69 


516910 


709 


483090 


48 


13 


495005 


640 


977669 


69 


517335 


•709 


482665 


47 


14 


495388 


639 


977628 


69 


517761 


708 


482239 


46 


15 


495772 


639 


977586 


69 


518185 


708 


481816 


45 


16 


496154 


638 


977544 


70 


518510 


707 


481390 


44 


17 


496537 


637 


977503 


70 


519034 


706 


480966 


43 


18 


496019 


637 


977461 


70 


519458 


706 


480542 


42 


19 


497301 


636 


977419 


70 


519882 


705 


480118 


41 


20 


497682 


636 


977377 


70 


520305 


705 


479695 


40 


21 


9-498064 


635 


9-977335 


70 


9-520728 


704 


10-479272 


39 


22 


498444 


6^4 


977293 


70 


521151 


703 


478849 


38 


23 


498825 


634 


977251 


70 


521571 


703 


478427 


87 


2A 


499204 


633 


977209 


70 


521995 


703 


478005 


36 


25 


499584 


632 


977167 


70 


522417 


702 


477583 


85 


26 


499963 


632 


977125 


70 


522838 


702 


477162 


34 


27 


500342 


631 


977083 


70 


523259 


701 


476741 


33 


28 


500721 


631 


977041 


70 


523680 


701 


476320 


32 


29 


501090 


630 


976999 


70 


524100 


700 


475900 


31 


30 


501476 


629 


976957 


70 


524520 


699 


475480 


30 


31 


9-501854 


629 


9-976914 


70 


9-524939 


699 


10-475061 


29 


32 


502231 


628 


976872 


71 


525359 


698 


474641 


28 


33 


602607 


628 


976830 


71 


525778 


698. 


474222 


27 


34 


502984 


627 


976787 


71 


526197 


697* 


478803 


26 


35 


603360 


626 


976745 


71 


520615 


697 


473385 


25 


36 


503735 


626 


976702 


71 


527033 


696 


472967 


24 


37 


504110 


625 


976660 


71 


527451 


696 


472549 


23 


38 


501485 


625 


976617 


71 


527868 


695 


472132 


22 


39 


604860 


624 


976574 


71 


528285 


695 


471715 


21 


40 


605234' 


623 


976532 


71 


528702 


694 


471298 


20 


41 


9-606608 


623 


9-976489 


71 


9-529119 


693 


10-470881 


19 


42 


505981 


622 


976446 


71 


529535 


693 


470465 


*18 


43 


SOfiliM 


622 


976404 


71 


529950 


693 


470050 


17 


44 


606727 


621 


976361 


71 


530366 


692 


469634 


16 


45 


6070d9 


620 


976318 


71 


530781 


691 


469219 


15 


46 


60747X 


620 


976275 


71 


531196 


691 


468804 


14 


47 


607843 


619 


976232 


72 


531611 


690 


468389 


13 


48 


608214 


619 


976189 


72 


532025 


690 


467975 


12 


49 


608585 


618 


976146 


72 


532439 


689 


467561 


11 


50 


608956 


618 


976103 


72 


532853 


689 


467147 


10 


51 


9-5098-26 


617 


9-976060 


72 


9-533266 


688 


10-466734 


9 


52 


609696 


616 


976017 


72 


533679 


688 


466321 


8 


53 


610065 


616 


975974 


72 


534092 


687 


465908 


7 


54 


510434 


615 


975930 


72 


534504 


687 


465496 


6 


65 


510808 


615 


975887 


72 


534916 


686 


465084 


5 


56 


6X1X72 


614 


975844 


72 


535328 


686 


464672 


4 


67 


611540 


613 


975800 


72 


535739 


685 


464261 


8 


58 


611907 
512275 


613 


975757 


72 


530150 


685 


463850 


2 


59 


612 


975714 


72 


536561 


684 


463439 


1 


60 


512642 


612 


975670 


72 


536972 


684 


463028 







Codne. 




sine. 




Coung. 


• Tang. 


M. 








71 


P«ffr9 


Wt 


,. 


CoooIp 





38a 



IiOOABITHiaO SINES Aim TAKGBHTB. 
19 



M. 


Sine. 


D. 


(Wne. 


b. 


Tang. 


D. 


Cotang. 


"'"^~ 





9-512642 


612 


9-975670 


78 


9-536972 


684 


10-463028 


60 


1 


513009 


611 


975627 


78 


537382 


683 


462618 


59 


2 


513375 


611 


975588 


78 


687792 


083 


462208 


58 


8 


513741 


610 


975539 


78 


638202 


682 


461798 


57 


4 


514107 


609 


975496 


78 


638611 


682 


461389 


56 


5 


514472 


609 


975452 


78 


539020 


681 


460980 


55 


6 


514837 


608 


975408 


78 


639429 


681 


460571 


54 


7 


515202 


608 


975366 


78 


639837 


680 


460163 


58 


8 


515566 


607 


975321 


73 


640245 


680 


459755 


62 


9 


515930 


607 


975277 


78 


640653 


679 


459347 


51 


10 


516294 


606 


975283 


73 


641061 


679 


458939 


50 


11 


9-616657 


605 


9-975189 


73 


9-541468 


678 


10-458582 


49 


12 


617020 


605 


975146 


73 


541875 


678 


458125 


.48 


18 


517382 


604 


975101 


73 


542281 


677 


457719 


47 


14 


517745 


604 


975067 


73 


642688 


677 


457812 


46 


16 


518107 


603 


975013 


73 


643094 


676 


45G906 


45 


16 


518468 


603 


974969 


74 


643499 


676 


456501 


44 


17 


518829 


602 


974925 


74 


643905 


675 


456095 


43 


18 


519190 


601 


974880 


74 


544310 


675 


455690 


42 


19 


519551 


601 


974836 


74 


644715 


674 


465285 


41 


20 


519911 


600 


974792 


74 


645119 


674 


454881 


40 


21 


9-520271 


600 


9-974748 


74 


9-645624 


678 


10-454476 


89 


22 


520631 


599 


974708 


74 


645928 


678 


464072 


88 


23 


520990 


699 


974659 


74 


646331 


672 


453669 


37 


24 


521349 


698 


974614 


74 


646785 


672 


458265 


36 


25 


521707 


698 


974570 


74 


547188 


671 


452862 


35 


26 


522066 


697 


974525 


74 


547540 


671 


452460 


34 


27 


522424 


596 


974481 


74 


547948 


670 


452067 


88 


28 


522781 


696 


974436 


74 


548346 


670 


451655 


32 


29 


523138 


595 


974391 


74 


548747 


669 


451258 


81 


30 


523495 


695 


974847 


75 


649149 


669 


450851 


80 


31 


9-528852 


594 


9-974802 


75 


9-549650 


668 


10-450450 


29 


32 


524208 


694 


974267 


76 


649951 


668 


450049 


28 


33 


524564 


563 


974212 


76 


650862 


667 


449648 


27 


34 


524920 


693 


974167 


75 


550762 


667 


449248 


26 


35 


525275 


692 


974122 


75 


651182 


666 


448848 


25 


86 


525630 


591 


974077 


75 


551552 


666 


448448 


24 


87 


525984 


691 


974032 


76 


651952 


666 


4480i8 


23 


88 


526339 


690 


973987 


75 


652851 


666 


447649 


22 


89 


526693 


690 


973942 


75 


652750 


666 


447250 


21 


40 


527046 


589 


978897 


75 


668149 


664 


446851 


20 


41 


9-527400 


589 


9-973852 


76 


9-558648 


664 


10-446452 


19 


42 


527758 


588 


97880'/ 


75 


653946 


668 


446054 


18 


43 


528105 


588 


973761 


75 


554344 


668 


445656 


17 


44 


528458 


587 


973716 


76 


654741 


662 


445259 


16 


45 


528810 


587 


973671 


76 


655189 


662 


444861 


15 


46 


529161 


586 


973625 


76 


655586 


661 


444464 


14 


47 


529513 


586 


973580 


76 


655933 


661 


444067 


13 


48 


529864 


585 . 


973535 


76 


556329 


660 


448671 


12 


49 


530215 


585 


973489 


76 


666725 


660 


443275 


11 


50 


530565 


584 


973444 


76 


557121 


669 


442879 


10 


51 


9-530915 


684 


9-978898 


76 


9-657517 


659 


10-442488 


9 


52 


631265 


583 


973852 


76 


657918 


659 


442087 


8 


53 


631614 


582 


973307 


76 


658808 


658 


441092 


7 


54 


531963 


582 


973261 


76 


658702 


658 


441298 


6 


55 


532312 


581 


973215 


76 


559097 


657 


440903 


5 


56 


532661 


581 


973169 


76 


559491 


657 


440609 


4 


57 


533009 


580 


973124 


76 


559885 


656 


440115 


S 


58 


533357 


580 


973078 


76 


560279 


656 


439721 


2 


59 


5:«704 


579 


973032 


77 


660673 


656 


439827 


1 


60 


5;M052 


578 


972986 


77 


661066 


656 


488984 





Cosine. 


1 Sine. 




Ootwi. 




Ttog. 


M. 








70 


I>««r* 


**• iuitized 


bvdOO 


Qle 





LOGARITHMIO 8INBS AND TANOENT8. 
80 



39a 



If. 


Sine. 


D. 


Godne. 


D. 


Tang. 


D. 


Coung. 1 





9-584052 


578 


9-972986 


77 


9-561066 


655 


10-438934 


60 


1 


584899 


677 


972940 


77 


661459 


654 


438641 


59 


2 


584745 


677 


972894 


77 


561851 


654 


438149 


68 


8 


585092 


577 


972848 


77 


562244 


653 


437756 


57 


4 


685438 


576 


972802 


77 


662636 


658 


437364 


56 


5 


685783 


576 


972755 


77 


663028 


653 


436972 


55 


6 


536129 


576 


972709 


77 


663419 


652 


436581 


54 


7 


536474 


674 


972668 


77 


563811 


652 


436189 


53 


8 


536818 


574 


972617 


77 


564202 


651 


435798 


52 


9 


637163 


573 


972570 


77 


564592 


651 


485408 


51 


10 


537507 


578 


972524 


77 


564988 


650 


485017 


60 


11 


9-537851 


672 


9-972478 


77 


9-665873 


650 


10-434627 


49 


12 


538194 


572 


972481 


78 


665768 


649 


484237 


48 


13 


638588 


571 


972886 


78 


666158 


649 


438847 


47 


U 


688880 


671 


972888 


78 


566542 


649 


438458 


46 


15 


539223 


570 


972291 


78 


566982 


648 


438068 


45 


16 


639566 


670 


972246 


78 


567320 


648 


482680 


44 


17 


689907 


669 


972198 


78 


567709 


647 


.432291 


43 


18 


540249 


669 


972151 


78 


668098 


647 


431902 


42 


19 


540590 


668 


972106 


78 


668486 


646 


431514 


41 


20 


540931 


568 


972058 


78 


668878 


646 


481127 


40 


21 


9-541272 


567 


9-972011 


78 


9-669261 • 


645 




89 


22 


541618 


567 


971964 


78 


669648 


646 


480352 


38 


23 


641958 


666 


971917 


78 


570035 


645 


429965 


87 


24 


642293 


566 


971870 


78 


670422 


644 


429578 


86 


25 


542682 


566 


971828 


78 


670809 


644 


429191 


85 


26 


542971 


565 


. 971776 


78 


671196 


643 


428805 


84 


27 


543310 


564 


971729 


79 


571581 


643 


428419 


83 


28 


543649 


564 


971682 


79 


671967 


642 


428038 


82 


29 


548987 


568 


971635 


79 


672352 


642 


427648 


31 


30 


644825 


568 


971588 


79 


672788 


642 


427262 


30 


81 


9-644668 


562 


9-971540 


79 


9-678128 


641 


10-426877 


29 


82 


646000 


562 


971498 


79 


578507 


641 


426498 


28 


83 


645888 


561 


971446 


79 


678892 


640 


426108 


27 


34 


545674 


561 


971398 


79 


674276 


640 


425724 


26 


85 


546011 


660 


971361 


79 


574660 


639 


425840 


25 


86 


546847 


660' 


971808 


79 


675044 


639 


424956 


24 


37 


546683 


659 


971256 


79 


675427 


639 


424578 


23 


88 


647019 


659 


971208 


79 


575810 


638 


424190 


22 


89 


647864 


558 


971161 


79 


576198 


638 


423807 


21 


40 


547689 


558 


971118 


79 


576576 


637 


423424 


20 


41 


9-548024 


667 


9-971066 


80 


9-576958 


637 


10-423041 


19 


42 


548359 


557 


971018 


80 


577841 


636 


422659 


18 


48 


548698 


556 


970970 


80 


577723 


636 


422277 


17 


44 


549027 


566 


970922 


80 


578104 


636 


421896 


16 


45 


649860 


655 


970874 


80 


678486 


635 


421514 


15 


46 


649698 


666 


970827 


80 


578867 


635 


421188 


14 


47 


550026 


654 


970779 


80 


579248 


634 


420752 


18 


48 


650859 


654 


970781 


80 


579629 


634 


420871 


12 


49 


550692 


558 


970683 


80 


580009 


634 


419991 


11 


50 


651024 


558 


970635 


80 


580389 


638 


419611 


10 


51 


9-551856 


552 


9-970586 


80 


9-580769 


638 


10-419231 


9 


62 


561687 


552 


970538 


80 


581149 


632 


418851 


8 


53 


652018 


552 


970490 


80 


581528 


632 


418472 


7 


54 


552349 


551 


970442 


80 


581907 


632 


418093 


6 


55 


552680 


551 


970394 


80 


582286 


631 


417714 


5 


66 


553010 


550 


970345 


81 


582665 


631 


417835 


4 


67 


558841 


550 


970297 


81 


583043 


630 


416957 


3 


58 


553670 


549 


970249 


81 


583422 


630 


416578 


2 


69 


554000 


549 


970200 


81 


583800 


629 


416200 


1 


60 


654329 


648 


970152 


81 


684177 


629 


415828 




M. 




Cosine. 




Sine. 




Gotang. 




Tang. 








Wl 


Je^ree 


8, 









40a 



LOOABITHMIC SINES AND TANGENTS. 









SI Decrees. 








M. 



Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 




9-554329 


548 


9-970152 


81 


9-584177 


629 


10-415823 


60 


1 


554658 


548 


970103 


81 


584555 


629 


415445 


69 


2 


554987 


547 


970055 


81 


684932 


628 


415068 


58 


3 


555315 


547 


970006 


- 81 


685309 


628 


414691 


57 


4 


555643 


546 


969957 


81 


685686 


627 


414314 


56 


5 


555971 


546 


969909 


81 


686062 


627 


413938 


55 


6 


556209 


545 


969860 


81 


686439 


627 


413561 


54 


7 


556626 


545 


969811 


81 


586815 


626 


413185 


53 


8 


556953 


544 


969762 


81 


587190 


626 


412810 


62 


9 


557280 


544 


969714 


81 


587566 


625 


412434 


51 


10 


557606 


543 


969665 


81 


587941 


625 


412059 


60 


11 


9-557932 


543 


9-969616 


82 


9-588816 


625 


10-4U684 


49 


12 


558258 


543 


969567 


82 


688691 


624 


411309 


48 


18 


558583 


542 


969518 


82 


689066 


624 


410934 


47 


14 


558909 


542 


969469 


82 


689440 


623 


410660 


46 


15 


559234 


541 


969420 


82 


589814 


628 


410186 


45 


16 


559558 


541 


969370 


82 


690188 


628 


409812 


44 


17 


559883 


540 


969321 


82 


590562 


622 


409438 


43 


18 


560207 


540 


969272 


82 


6909-35 


622 


409065 


42 


19 


560531 


539 


969223 


82 


591308 


622 


408692 


41 


20 


560855 


539 


969178 


82 


591681 


621 


408819 


40 


21 


9-561178 


538 


9-969124 


82 


9-592054 


621 


10-407946 


89 


22 


561501 


538 


969076 


82 


592426 


620 


407574 


38 


23 


561824 


537 


969025 


82 


592798 


620 


407202 


87 


24 


562146 


537 


968976 


82 


593170 


619 


406829 


86 


25 


562468 


536 


968926 


83 


693542 • 


619 


406458 


35 


26 


562790 


536 


968877 


83 


593914 


. 618 


406086 


34 


27 


563112 


536 


968827 


83 


594285 


618 


405715 


33 


28 


563433 


535 


968777 


83 


594656 


618 


405344 


32 


29 


563755 


535 


968728 


83 


695027 


617 


404978 


31 


30 


564075 


534 


968678 


83 


595398 


617 


404602 


30 


31 


9-564396 


534 


9-968628 


83 


9-595768 


617 


10-404232 


29 


32 


564716 


533 


968578 


83 


596138 


616 


408862 


28 


33 


665036 


633 


968528 


83 


596508 


616 


403492 


27 


34 


565356 


532 


968479 


83 


596878 


616 


403122 


26 


35 


565676 


632 


968429 


83 


597247 


615 


402753 


25 


36 


565995 


531 


968379 


83 


597616 


615 


402384 


24 


37 


566314 


531 


968329 


83 


597986 


615 


402016 


23 


38 


566632 


531 


968278 


83 


598854 


614 


401646 


22 


39 


566951 


530 


968228 


84 


598722 


614 


401278 


21 


40 


567269 


530 


968178 


84 


599091 


613 


400909 


20 


41 


9-567587 


629 


9-968128 


84 


9-599459 


613 


10-400541 


19 


42 


567904 


529 


968078 


84 


699827 


613 


400178 


18 


43 


568222 


528 


968027 


84 


600194 


612 


399806 


17 


44 


668539 


528 


967977 


84 


600562 


612 


399438 


16 


45 


568856 


528 


967927 


84 


600929 


611 


899071 


15 


46 


669172 


527 


967876 


84 


601296 


611 


898704 


14 


47 


569488 


527 


967826 


84 


601662 


611 


898338 


13 


48 


569804 


526 


967775 


84 


602029 


610 


897971 


12 


49 


570120 


526 


967725 


84 


602395 


610 


897605 


11 


50 


570435 


526 


967674 


84 


602761 


610 


897239 


10 


51 


9-570751 


525 


9T967624 


84 


9-603127 


609 


10-396873 


9 


52 


571066 


524 


967573 


84 


603493 


609 


896507 


8 


53 


571380 


524 


967522 


85 


603858 


609 


896142 


7 


54 


571695 


523 


967471 


85 


604223 


608 


895777 


6 


55 


572009 


523 


967421 


85 


604588 


608 


895412 


5 


66 


672323 


523 


967370 


85 


604953 


607 


895047 


4 


57 


572636 


522 


967319 


85 


606317 


607 


394683 


3 


58 


572950 


522 


967268 


85 


605682 


607 


894818 


2 


59 


573263 


521 


967217 


85 


606046 


606 


893954 


1 


60 


573575 


521 


967166 


85 


606410 
Cot*ng. 


606 


893590 







'"oslne. 




Sine. 1 




Tang. 


M. 



93 Pefrees, 



byGoogk 



LOOABITHMIO fHNBS AND TAKQBHTS. 



41. 









S9 


D68r< 


les. 








V. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 




~T 


9-573575 


521 


9-967166 


85 


9-606410 


606 


10-393590 


60 


1 


573888 


520 


967115 


85 


606778 


606 


393227 


59 


2 


574200 


520 


967064 


85 


607187 


605 


392863 


58 


3 


574512 


519 


967013 


85 


607500 


605 


392500 


57 


4 


574824 


519 


966961 


85 


607868 


604 


392137 


56 


5 


575136 


519 


966910 


85 


608225 


604 


391775 


55 


6 


575447 


518 


966859 


85 


608588 


604 


391412 


54 


7 


675758 


518 


966808 


85 


608950 


603 


891050 


53 


8 


576069 


517 


966756 


86 


609312 


608 


890688 


52 


9 


576379 


517 


966705 


86 


600674 


603 


390326 


51 


10 


676689 


516 


966653 


86 


610086 


602 


889964 


50 


11 


9-576999 


516 


9-966602 


86 


9-610897 


602 


10-889606 


49 


12 


577309. 


516 


966550 


86 


610759 


602 


889241 


48 


13 


577618 


615 


966499 


86 


6U120 


601 


388880 


47 


14 


677927 


515 


966447 


86 


611480 


601 


368520 


46 


15 


578286 


514 


966895 


86 


611841 


601 


388159 


45 


16 


678545 


514 


966844 


86 


612201 


600 


867799 


44 


17 


678853 


513 


966292 


86 


612561 


600 


887489 


43 


18 


579162 


513 


966240 


86 


612921 


600 


887079 


42 


19 


579470 


513 


966188 


86 


618281 


599 


886719 


41 


20 


579777 


512 


966136 


86 


613641 


599 


866859 


40 


21 


9-580085 


512 


9-966065 


87 


9-614000 


598 


10-886000 


39 


22 


680392 


611 


966088 


87 


614859 


598 


385641 


38 


28 


580699 


511 


965981 


87 


614718 


598 


885282 


87 


24 


581005 


511 


965928 


87 


615077 


597 


384923 


36 


25 


581312 


510 


965876 


87 


615435 


597 


884565 


85 


26 


681618 


510 


965824 


87 


615798 


597 


884207 


34 


27 


581924 


509 


965772 


87 


616151 


596 


383849 


33 


28 


582229 


509 


965720 


87 


616509 


596 


883491 


32 


29 


582535 


509 


965668 


87 


616867 


596 


888133 


31 


80 


682840 


508 


965615 


87 


617224 


595 


882776 


30 


31 


9-583145 


508 


9-965568 


87 


9-617582 


595 


10-882416 


29 


32 


588449 


507 


965511 


87 


617939 


595 


882061 


28 


88 


688754 


507 


965458 


87 


618295 


594 


881705 


27 


84 


684058 


506 


965406 


87 


618652 


594 


861346 


26 


85 


684361 


506 


965868 


88 


619008 


594 


880992 


25 


36 


584666 


506 


965801 


88 


619364 


593 


380686 


24 


37 


684968 


505 


965248 


88 


619721 


593 


380279 


23 


88 


665272 


505 


965195 


68 


620076 


593 


879924 


22 


39 


685574 


504 


965143 


88 


620432 


592 


379568 


21 


40 


685877 


504 


965090 


88 


620787 


592 


879213 


20 


41 


9-586179 


508 


9-965087 


68 


9-621142 


592 


10-378856 


19 


42 


686482 


503 


964984 


88 


621497 


591 


878503 


18 


43 


686788 


503 


964981 


88 


621852 


691 


878148 


17 


44 


687085 


502 


964879 


88 


622207 


590 


877793 


16 


45 


687886 


502 


964826 


88 


622561 


690 


877439 


15 


46 


587688 


501 


964778 


88 


622915 


690 


877085 


14 


47 


587989 


601 


964719 


88 


628269 


589 


876781 


13 


48 


588289 


601 


964666 


89 


623628 


589 


876377 


12 


49 


588590 


500 


964613 


69 


623976 


589 


876024 


11 


50 


688890 


500 


964560 


69 


624330 


688 


375670 


10 


51 


9-589190 


499 


9-964507 


69 


9-624668 


688 


10-875317 


9 


52 


589489 


499 


964454 


69 


625086 


688 


874964 


8 


53 


589789 


499 


964400 


69 


625388 


587 


874612 


7 


54 


690068 


498 . 


964347 


69 


625741 


687 


874259 


6 


55 


590887 


498 


964294 


69 


626098 


687 


878907 


5 


56 


690686 


497 


964240 


89 


626445 


686 


873555 


4 


57 


590964 


497 


964187 


89 


626797 


586 


873203 


8 


58 


691282 


497 


964133 


89 


627149 


686 


872851 


2 


59 


591660 


496 


964080 


69 


627801 


585 


872499 


1 


60 


591878 


496 


964026 


89 


627852 


585 


372148 







Cosine. 


' Sine. 




Cotang. 




Tang. 


M. 








«7 


*^« 


Wt ^y.ti 


.edbyV^O 


'^:" c 





[2a 




LOGABITHMIO 


SINES AND TANGENTS. 












S3 Decrees. 








M. 


Sine. 


D. 


Codne. 


D. 


Tang. 


D. 


CotMg. 







9-591878 


496 


9-964026 


89 


9-627852 


585 


10-872148 


60 


1 


592176 


495 


963972 


89 


6'-'8l'03 


585 


371797 


59 


2 


592473 


4i»5 


963919 


89 


628-i54 


585 


371446 


58 


3 


592770 


495 


963865 


90 


628905 


684 


871095 


57 


4 


593067 


494 


963811 


90 


629255 


584 


870745 


56 


5 


593363 


494 


963757 


90 


629606 


588 


870394 


55 


6 


593659 


493 


963704 


90 


629956 


583 


370044 


54 


7 


593955 


493 


963650 


90 


630306 


583 


86%94 


53 


8 


594251 


493 


963596 


90 


630656 


583 


369344 


52 


9 


594547 


492 


963542 


90 


631005 


.582 


868995 


51 


10 


594842 


492 


968488 


90 


631366 


682 


868645 


50 


11 


9-596187 


491 


9-968434 


90 


9-681704 


582 


10*868296 


49 


12 


595432 


491 


968379 


90 


632053 


681 


867947 


48 


13 


595727 


491 


968326 


90 


632401 


681 


867699 


47 


14 


596021 


490 


968271 


90 


632760 


681 


387250 


46 


15 


596316 


490 


963217 


90 


633098 


580 


866902 


45 


16 


596609 


489 


968163 


90 


683447 


580 


366553 


44 


17 


596908 


489 


963108 


91 


688796 


680 


866205 


48 


18 


697196 


489 


963054 


91 


684148 


579 


865857 


^ 


19 


597490 


488 


962999 


91 


684490 


679 


866510 


41 


20 


597783 


488 


962946 


91 


634838 


679 


866162 


40 


21 


9-598075 


487 


9-962890 


91 


9-685185 


678 


10*864815 


89 


22 


598368 


487 


962836 


91 


686532 


678 


864468 


88 


23 


598660 


487 


962781 


91 


685879 


678 


364121 


37 


24 


598952 


486 


962727 


91 


636226 


677 


868774 


36 


25 


599244 


486 


962672 


91 


636672 


677 


863428 


85 


26 


599536 


485 


962617 


91 


636919 


677 


868061 


34 


27 


599827 


485 


962562 


91 


687265 


677 


862786 


83 


28 


600118 


486 


962508 


91 


687611 


676 


862889 


32 


29 


600409 


484 


962458 


91 


687956 


676 


362044 


81 


30 


600700 


484 


962398 


92 


688802 


676 


861698 


80 


31 


9-600990 


484 


9-962348 


92 


9*688647 


675 


10*861353 


29 


32 


601280 


488 


962288 


92 


638992 


676 


861008 


28 


33 


601570 


483 


962288 


92 


689837 


576 


860668 


27 


34 


601860 


482 


962178 


92 


639682 


674 


860818 


26 


35 


602150 


482 


962123 


92 


640027 


674 


859978 


25 


36 


602489 


482 


962067 


92 


640871 


674 


859629 


24 


37 


602728 


481 


962012 


92 


640716 


678 


869284 


23 


38 


603017 


481 


961957 


92 


641060 


578 


858940 


22 


39 


603305 


481 


961902 


92 


641404 


578 


858596 


21 


40 


603594 


480 


961846 


92 


641747 


672 


858258 


20 


41 


9-603882 


480 


9-961791 


92 


9-642091 


672 


10-857909 


19 


42 


604170 


479 


961786 


92 


642484 


672 


857666 


18 


43 


604457 


479 


961680 


92 


642777 


572 


857228 


17 


44 


604746 


479 


961624 


98 


648120 


671 . 


856880 


16 


45 


605032 


478 


961669 


98 


648468 


671 


856587 


15 


46 


605319 


478 


961618 


98 


648806 


671 


8561M 


14 


47 


605606 


478 


961468 


98 


644148 


670 


855852 


18 


48 


605892 


477 


961402 


98 


644490 


670 


856510 


12 


49 


606179 


477 


961846 


98 


644832 


670 


856168 


11 


50 


606466 


476 


961290 


98 


646174 


669 


864826 


10 


51 


9-606751 


476 


9-961285 


98 


9-645516 


569 


10*854484 


9 


52 


607036 


476 


961179 


98 


645857 


669 


854148 


8 


53 


607322 


475 


961128 


98 


646199 


669 


858801 


7 


54 


607607 


475 


961067 


93 


646640 


.668 


858460 


6 


55 


607892 


474 


961011 


98 


646881 


668 


858119 


5 


56 


608177 


474 


960955 


98 


647222 


668 


852778 


4 


57 


608461 


474 


960899 


93 


647562 


667 


852488 


8 


58 


608745 


473 


960848 


94 


647903 


667 


852097 


2 


59 


609029 


473 


960786 


94 


648248 


567 


851767 


1 


60 


609313 


473 


960730 


94 


648688 


566 


851417 







Cosine. 




Sine. 




Coumg. 1 


T.-... 


M. 


^ 


^ 




e« 


X>««T6 


9«. 









LOOABITHMIC SIWES AITO TANGENTS. 



43a 









94 Beffrees. 








"mT 


Sine. 


D. 


Coiilne. 


D. 


Tang. 


D. 


Cotang. 


60 





9-609313 


473 


9-960780 


94 


9-648583 


566 


10-861417 


1 


609597 


472 


960674 


94 


648923 


566 


851077 


59 


2 


609880 


472 


960618 


94 


649263 


566 


850737 


58 


8 


610164 


472 


960561 


94 


649602 


566 


850398 


57 


4 


610447 


471 


960505 


94 


649942 


565 


350058 


66 


5 


610729 


471 


960448 


94 


650281 


565 


349719 


65 


6 


611012 


470 


960392 


94 


650620 


565 


349380 


54 


7 


611294 


470 


960335 


94 


650959 


564 


349041 


5:^ 


8 


611576 


470 


960279 


94 


651297 


56i 


348703 


52 


9 


611858 


469 


960222 


94 


651636 


564 


348364 


51 


10 


612140 


469 


960165 


94 


651974 


563 


348026 


50 


n 


9-612421 


469 


9-960109 


95 


9-652312 


563 


10-347688 


49 


12 


612702 


468 


960052 


95 


652650 


563 


847350 


48 


IS 


612983 


468 


959995 


95 


652988 


563 


847012 


47 


14 


613264 


467 


959938 


95 


653326 


562 


846674 


46 


15 


613545 


467 


959882 


95 


653663 


562 


846337 


45 


16 


613825 


467 


959825 


95 


654000 


562 


346000 


44 


17 


614105 


466 


959768 


95 


654337 


561 


845663 


43 


18 


614385 


466 


959711 


95 


654674 


561 


345326 


42 


19 


614665 


466 


959654 


95 


655011 


561 


344989 


41 


20 


614944 


465 


959506 


95 


655348 


561 


344652 


40 


21 


9-615223 


465 


9-969539 


95 


9-655684 


560 


10-344316 


39 


22 


615502 


465 


959482 


95 


656020 


560 


343980 


38 


23 


615781 


464 


959425 


95 


656356 


560 


343644 


37 


24 


616060 


4&1 


959368 


95 


656692 


559 


348308 


86 


25 


616338 


464 


959310 


96 


657028 


559 


342972 


35 


26 


616616 


463 


959253 


96 


657364 


559 


342636 


34 


27 


616894 


463 


959195 


96 


657699 


559 


842301 


33 


28 


617172 


462 


959138 


96 


658034 


558 


341966 


32 


29 


617450 


462 


959081 


96 


658369 


558 


341631 


31 


80 


617727 


462 


959023 


96 


658704 


558 


841296 


30 


81 


9-618004 


461 


9-958965 


96 


9-659039 


558 


10-840961 


29 


82 


618281 


461 


958908 


96 


659373 


557 


840627 


28. 


88 


618558 


461 


958850 


96 


659708 


557 


340292 


27 


84 


618834 


460 


958792 


96 


660042 


557 


339958 


26 


85 


619110 


460 


958734 


96 


660376 


557 


339624 


25 


86 


619886 


460 


958677 


96 


660710 


556 


339290 


24 


87 


619662 


459 


958619 


96 


661043 


556 


338957 


23, 


38 


619938 


459 


958561 


96 


661377 


556 


338623 


22 


89 


620218 


459 


958503 


97 


661710 


555 


338290 


21 


40 


620488 


458 


958445 


97 


662043 


555 


337957 


20 


41 


9*620763 


458 


9-958387 


97 


9-662376 


555 


10-337624 


19 


42 


621088 


457 


958329 


97 


662709 


554 


337291 


18 


43 


621318 


457 


958271 


97 


663042 


554 


336958 


17 


44 


621587 


457 


958213 


97 


663375 


554 


336625 


16 


45 


621861 


456 


958154 


97 


663707 


554 


336293 


15 


46 


622135 


456 


958096 


97 


664039 


553 


835961 


14 


47 


622409 


456 


958038 


97 


664371 


553 


335629 


13 


48 


622682 


455 


957979 


97 


664703 


553 


335297 


12 


49 


622956 


455 


957921 


97 


665035 


553 


334965 


11 


50 


628229 


455 


957863 


97 


665366 


552 


834634 


10 


51 


9-623602 


454 


9-957804 


97 


9-665697 


552 


10-334303 


9 


52 


628774 


454 


957746 


98 


666029 


552 


333971 


8 


53 


624047 


454 


957687 


98 


666360 


561 


833640 


7 


54 


624319 


453 


957628 


98 


666691 


551 


333309 


6 


65 


624591 


453 


957570 


98 


667021 


551 


332979 


5 


56 


624868 


453 


957511 


98 


667352 


551 


332648 


4 


57 


625185 


452 


957452 


98 


667682 


550 


332318 


3 


58 


625406 


452 


957393 


98 


668013 


550 


831987 


2 


59 


625677 


452 


957335 


98 


668343 


550 


331657 


1 


60 


625948 


451 


957276 


98 


668672 


550 


831328 







Corine. 




Sine. 




Coung. 




Tang. 








M 


V^ 


©«•, 









44a 




LOOABITHMIO SINKS AND TANGENTS. 




n 








d5 


Deffrees. 








M. 


Sloe. 


D. 


Corioe. 


D. 


Tang. 


D. , 


Cotang. , 







9*625948 


451 


9-957276 


""98" 


9-668678 


650 


10-331327 


60 


1 


626219 


451 


957217 . 


98 


669002 


549 


330998 


59 


2 


626490 


451 


957158 


98 


669332 


649 


330668 


58 


3 


626760 


450 


957099 


98 


669661 


549 


330339 


57 


4 


627030 


450 


957040 


98 


669991 


548 


330009 


56 


5 


627300 


450 


956981 


98 


670320 


548 


329680 


55 


6 


627570 


449 


956921 


99 


670649 


548 


329351 


54 


7 


627840 


449 


956862 


99 


670977 


548 


329023 


53 


8 


628109 


449 


956803 


99 


671306 


547 


328694 


52 


9 


628378 


448 


956744 


99 


671634 


647 


828366 


51 


10 


628647 


448 


956684 


99 


671968 


547 


328037 


50 


11 


^•628916 


447 


9-956625 


99 


9-672291 


647 


10-327709 


49 


12 


629185 


447 


956566 


99 


672619 


546 


827881 


48 


18 


629458 


447 


956506 


99 


672947 


646 


327053 


47 


14 


629721 


446 


956447 


99 


673274 


546 


326726 


46 


15 


629989 


446 


956887 


99 


678602 


646 


826896 


46 


16 


630257 


446 


956827 


99 


678929 


545 


326071 


44 


17 


630524 


446 


956268 


99 


674257 


545 


326748 


43 


18 


630792 


445 


956208 


100 


674584 


645 


825416 


42 


19 


631059 


445 


956148 


100 


674910 


544 


825090 


41 


20 


631826 


445 


956089 


100 


675237 


544 


324768 


40 


21 


9-631598 


444 


9-966029 


100 


9-676664 


544 


10-824486 


39 


22 


631859 


444 


956969 


100 


675890 


544 


824110 


88 


23 


632125 


444 


956909 


100 


676216 


543 


828784 


37 


24 


632392 


443 


955849 


100 


676648 


643 


823457 


36 


25 


632658 


443 


956789 


100 


676869 


548 


828181 


85 


26 


632923 


443 


956729 


100 


6T7194 


543 


822806 


84 


27 


633189 


442 


955669 


100 


677520 


642 


822480 


38 


28 


633454 


442 


955609 


100 


677846 


542 


322154 


32 


29 


633719 


442 


955548 


100 


678171 


542 


821829 


31 


80 


633984 


441 


955488 


100 


678496 


542 


821504 


30 


81 


9-634249 


441 


9-966428 


101 


9-678821 


541 


10-321179 


29 


32 


634514 


440 


955368 


101 


679146 


541 


320854 


28 


88 


634778 


440 


955807 


101 


679471 


541 


320529 


27 


84 


635042 


440 


955247 


101 


679795 


541 


820205 


26 


85 


635306 


439 


965186 


101 


680120 


540 


819880 


25 


86 


635570 


439 


955126 


101 


680444 


540 


819566 


24 


87 


635834 


439 


955066 


101 


680768 


540 


319232 


23 


88 


636097 


438 


955005 


101 


681092 


540 


318808 


22 


39 


636360 


438 


954944 


101 


681416 


539 


818584 


21 


40 


636623 


438 


954883 


101 


681740 


539 


818260 


20 


41 


9-636886 


437 


9-954823 


101 


9-682068 


539 


10-317937 


19 


42 


637148 


437 


954762 


101 


682887 


539 


817613 


18 


43 


637411 


437 


954701 


101 


682710 


538 


817290 


17 


44 


637673 


437 


954640 


101 


683038 


538 


816967 


16 


45 


637935 


436 


954579 


101 


683356 


538 


816644 


15 


46 


638197 


436 


954518 


102 


683679 


538 


31632L 


14 


47 


638458 


436 


954457 


102 


684001 


537 


316999 


13 


48 


638720 


435 


954396 


102 


684324 


587 


315676 


12 


49 


638981 


435 


9543:» 


102 


684646 


537 


815854 


11 


50 


639242 


435 


954274 


102 


684968 


637 


816082 


10 


61 


9-689503 


434 


9-964213 


102 


9-686290 


536 


10-314710 


9 


52 


639764 


434 


954152 


102 


685612 


536 


314388 


8 


53 


6400^ 


434 


954090 


102 


685934 


536 


814066 


7 


54 


640284 


433 


9M029 


102 


686255 


536 


313745 


6 


55 


640544 


433 


953968 


102 


686577 


635 


813423 


5 


56 


640804 


433 


953906 


102 


686898 


535 


813102 


4 


57 


641064 


432 


953845 


102 


687219 


535 


812781 


3 


58 


641324 


432 


953783 


102 


687540 


535 


812460 


2 


59 


641584 


432 


953722 


103 


687861 


534 


812189 


1 


60 


641842 


; 431 


953G60 


108 


68S182 


534 


811818 





Cosine. 




1 Sine. 


1 


Cotang. 




Tang. 


I u' 



94 P«Vr9e«. 



loogk 







tjbo^ktLttmtta i 


itKitg kttb fXi^GWfW. 




4Ba 









26 Decrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Coung. 1 1 





9-jt>41»42 


431 


'9^9^660 


103 


9-688182 


534 


10-311818 


60 


1 


&I2101 


431 


953599 


108 


688503 


534 


811498 


59 


» 


642360 


431 


953587 


103 


688823 


534 


811177 


58 


3 


642618 


430 


953475 


103 


689143 


533 


810857 


57 


4 


642877 


430 


95^13 


103 


689463 


533 


810537 


56 


5 


613135 


430 


953352 


103 


689783 


633 


810217 


55 


6 


643393 


430 


953290 


103 


690103 


533 


809897 


54 


7 


643660 


429 


953228 


108 


690423 


533 


809577 


53 


8 


643908 


429 


953166 


103 


690742 


532 


809258 


52 


9 


644165 


429 


953104 


103 


691062 


532 


808938 


51 


10 


644423 


428 


953042 


103 


691381 


532 


808619 


50 


11 


9*644680 


428 


9-952980 


104 


9-691700 


531 


10-808300 


49 


12 


644936 


428 


952918 


104 


692019 


631 


807981 


48 


13 


645193 


427 


952855 


104 


692338 


531 


807662 


47 


14 


645450 


427 


952793 


104 


692656 


531 


807344 


46 


15 


645706 


427 


952731 


104 


692975 


531 


807025 


45 


16 


645062 


426 


952669 


104 


693293 


530 


306707 


44 


17 


646218 


426 


952606 


104 


693612 


530 


806388 


48 


18 


646474 


426 


952544 


104 


693930 


530 


806070 


42 


19 


646729 


425 


952481 


104 


694248 


530 


805752 


41 


20 


646964 


425 


952419 


104 


694566 


529 


805434 


40 


21 


9-647240 


425 


9-952356 


104 


9-694883 


529 


10-805117 


89 


22 


647494 


424 


952294 


104 


695201 


529 


304799 


38 


23 


647749 


424 


952231 


104 


695518 


529 


804482 


37 


24 


648004 


424 


952168 


105 


695836 


529 


804164 


36 


25 


648258 


424 


952106 


105 


696153 


528 


808847 


35 


26 


648512 


423 


952043 


105 


696470 


528 


803530 


34 


27 


648766 


423 


951980 


105 


696787 


528 


803213 


33 


28 


649020 


423 


951917 


105 


697103 


528 


802897 


32 


29 


649274 


422 


951854 


105 


697420 


527 


802580 • 


31 


30 


649527 


422 


951791 


105 


697736 


527 


302264 


30 


31 


9-649781 


422 


9-951728 


105 


9-698053 


527 


10-301947 


29 


82 


650084 


422 


951665 


105 


698369 


527 


301631 


28 


33 


650287. 


421 


951602 


105 


698685 


526 


301315 


27 


34 


650539 


421 


951539 


105 


699001 


526 


300999 


26 


35 


650792 


421 


951476 


105 


699316 


526 


300684 


25 


36 


651044 


420 


951412 


105 


699632 


526 


300368 


'24 


37 


651297 


420 


951349 


106 


699947 


526 


300053 


23 


38 


651549 


420 


951286 


106 


700263 


525 


299737 


22 


89 


651800 


419 


951222 


106 


700578 


5-25 


299422 


21 


40 


652052 


419 


951159 


106 


700693 


525 


299107 


20 


41 


9-652304 


419 


9-951096 


106 


9-701208 


524 


10-298792 


19 


42 


652555 


418 


951032 


106 


701523 


. 524 


298477 


18 


43 


652806 


418 


950968 


106 


701837 


524 


298163 


17 


44 


658057 


418 


950905 


106 


702152 


524 


297»48 


16 


45 


658806 


418 


950841 


106 


702466 


524 


297534 


15 


46 


658558 


417 


950778 


106 


702780 


523 


297220 


14 


47 


653808 


417 


950714 


106 


703095 


523 


296905 


13 


48 


654059 


417 


950650 


106 


703409 


523 


296591 


12 


49 


654309 


416 


950586 


106 


703723 


523 


296277 


11 


50 


654558 


416 


950522 


107 


704036 


522 


295964 


10 


61 


9-654808 


416 


9-950458 


107 


9-704350 


522 


10-295650 


9 


52 


655058 


416 


950394 


107 


704663 


522 


295337 


8 


53 


655807 


415 


950330 


107 


704977 


522 


295023 


7 


54 


655556 


415 


950266 


107 


705290 


522 


294710 


6 


55 


655806 


415 


950202 


107 


705608 


521 


294397 


5 


56 


656054 


414 


950138 


107 


705910 


521 


2&4084 


4 


57 


656802 


414 


950074 


107 


706228 


521 


293772 


3 


58 


656651 


414 


950010 


107 


706541 


521 


293459 


2 


59 


656799 


413 


949945 


107 


706854 


521 


293146 


1 


60 


657047 


413 


649881 


107 


707166 


520 


292834 




M. 




CiMloe. 


1 Sloe. 




Cotang. 




Tang. 



68 



J 



:6a 



LOGARITHMIC BINSB AND TAKOSMTS. 









87 Deffrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


TMg. 


D. 


Cotang. 


m^ 


0" 


9-657047 


413 


9-949881 


107 


9-707166 


520 


10-292884 


lo" 


1 


657295 


413 


949816 


107 


707478 


520 


292522 


50 


2 


657542 


412 


949752 


107 


707790 


620 


292210 


58 


3 


657790 


412 


949688 


108 


708102 


620 


291808 


57 


4 


658037 


412 


949623 


108 


708414 


619 


291586 


56 


5 


658284 


412 


949558 


108 


708726 


619 


291274 


te 


6 


658531 


411 


949494 


108 


709037 


619 


290963 


M 


7 


658778 


411 


949429 


108 


709849 


619 


290661 


63 


8 


659025 


411 


949364 


108 


709660 


619 


290340 


62 


9 


659271 


410 


949300 


108 


709971 


618 


290029 


51 


10 


659517 


410 


949235 


108 


710282 


618 


289718 


50 


n 


9-659763 


410 


9-949170 


108 


9*710608 


518 


10*280407 


49 


12 


660009 


409 


949106 


108 


710904 


618 


280006 


48 


13 


66Q25JS 


409 


949040 


108 


711216 


618 


288785 


47 


14 


660501 


409 


948975 


108 


711625 


617 


288475 


46 


15 


660746 


409 


948910 


108 


711886 


617 


288164 


45 


16 


660991 


408 


948845 


108 


712146 


617 


287854 


44 


17 


661236 


408 


948780 


109 


712466 


517 


287544 


48 


18 


661481 


408 


948715 


109 


712766 


616 


287234 


42 


19 


661726 


407 


948650 


109 


718076 


616 


280024 


41 


20 


661970 


407 


948584 


109 


718886 


616 


286614 


40 


21 


9-662214 


407 


9-948519 


109 


9*718696 


616 


10*286804 


39 


22 


662459 


407 


948454 


109 


714006 


616 


285006 


38 


23 


662703 


406 


948888 


109 


714314 


616 


285686 


87 


24 


662946 


406 


948328 


109 


714624 


616 


286376 


86 


25 


663190 


406 


948257 


109 


714088 


615 


286067 


85 


26 


668433 


405 


948192 


109 


716242 


616 


284758 


84 


27 


663677 


405 


948126 


109 


718661 


514 


284449 


83 


28 


668920 


405 


948060 


109 


715860 


614 


284140 


82 


29 


664163 


405 


947995 


110 


716168 


614 


288882 


81 


30 


664406 


404 


947929 


110 


716477 


614 


288623 


30 


31 


9-664648 


404 


9-947868 


110 


9*716786 


614 


10*288215 


29 


32 


664891 
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476 


220654 


58 


3 


712469 


349 


932838 


127 


779632 


476 


220368 


57 


4 


712679 


349 


932762 


127 


779918 


476 


220082 


56 


5 


712889 


349 


932685 


127 


780203 


476 


219797 


56 


6 


713098 


349 


932609 


127 


780489 


476 


219511 


54 


7 


713308 


349 


932533 


127 


780776 


476 


219225 


53 


8 


713517 


348 


932457 


127 


781060 


476 


218940 


52 


9 


713726 


348 


932380 


127 


781346 


475 


218654 


51 


10 


713936 


348 


982304 


127 


781631 


476 


218369 


50 


11 


9-714144 


348 


9-932228 


127 


9-781916 


475 


10-218084 


49 


12 


714352 


347 


932151 


127 


782201 


475 


217799 


48 


13 


714561 


347 


932076 


128 


782486 


475 


217514 


47 


14 


714769 


347 


931998 


128 


782771 


475 


217229 


46 


15 


714978 


347 


931921 


128 


783056 


476 


216944 


46 


16 


715186 


347 


931845 


128 


783341 


475 


216659 


44 


17 


715394 


346 


9-31768 


128 


783626 


474 


216374 


43 


18 


715602 


346 


931691 


128 


783910 


474 


216090 


42 


19 


715809 


346 


931614 


128 


784195 


474 


215805 


41 


20 


716017 

r 


346 


981537 


128 


784479 


474 


215521 


40 


21 


9-716224 


345 


9-931460 


128 


9-784764 


474 


10-215236 


39 


22 


716432 


345 


931383 


128 


785048 


474 


214962 


38 


23 


716639 


345 


931306 


128 


785332 


473 


214668 


87 


24 


716846 


345 


931229 


129 


785616 


473 


214384 


36 


25 


717053 


345 


931152 


129 


785900 


473 


214100 


36 


26 


717259 


344 


931075 


129 


786184 


473 


213816 


34 


27 


717466 


344 


930998 


129 


78^468 


473 


213532 


33 


28 


717673 


344 


930921 


129 


786752 


473 


213248 


32 


29 


717879 


344 


930843 


129 


787036 


473 


212964 


31 


30 


718085 


343 


930766 


129 


787319 


472 


212681 


30 


31 


9-718291 


343 


9-930688 


129 


9-787603 


472 


10-212397 


29 


32 


718497 


343 


930611 


129 


787886 


472 


212114 


28 


33 


718703 


^3 


930533 


129 


788170 


472 


211830 


27 


34 


718909 


343 


930456 


129 


788468 


472 


211647 


26 


35 


719114 


342 


930378 


129 


788786 


472 


211264 


26 


36 


719320 


342 


930300 


130 


789019 


472 


210981 


24 


37 


719526 


342 


930223 


130 


789302 


471 


210698 


23 


38 


719730 


342 


930145 


130 


789585 


471 


210416 


22 


39 


719935 


341 


930067 


130 


789868 


471 


210132 


21 


40 


720140 


341 


929989 


130 


790151 


471 


209849 


20 


41 


9-720345 


341 


9-929911 


130 


9-790433 


471 


10-209567 


19 


42 


720549 


341 


929833 


130 


790716 


471 


209284 


18 


43 


720754 


340 


929755 


130 


790999 


471 


209001 


17 


44 


720968 


340 


929677 


130 


791281 


471 


208719 


16 


45 


721162 


840 


929599 


130 


791563 


470 


208437 


15 


46 


721366 


340 


929521 


130 


791846 


470 


208154 


14 


47 


721570 


340 


929442 


130 


792128 


470 


207872 


13 


48 


721774 


339 


929364 


131 


792410 


470 


207590 


12 


49 


721978 


339 


929286 


131 


792692 


470 


207308 


U 


50 


722181 


339 


929207 


131 


792974 


470 


207026 


10 


51 


9-722385 


339 


9-929129 


131 


9-793256 


470 


10-206744 


9 


52 


722588 


339 


929050 


131 


793538 


469 


206462 


8 


53 


722791 


338 


928972 


131 


793819 


469 


206181 


7 


54 


722994 


338 


928893 


131 


794101 


469 


205899 


6 


55 


723197 


338 


928815 


131 


794383 


469 


205617 


5 


56 


723400 


338 


928736 


131 


794664 


469 


205336 


4 


57 


723603 


337 


928657 


131 


794945 


469 


205066 


3 


58 


723805 


337 


928578 


131 


795227 


469 


204773 


2 


59 


724007 


337 


928499 


131 


795508 


468 


204492 


1 


60 


724210 


337 


9-28420 


131 


795789 


468 


2042U 





Cosine. 




Slue. 


' Cotang. 




Tang. 


M. 








06 


P^ffrt 


M. 









LOGAEITHMIC SINES AND TANGENTS. 



51fl 









88 Desrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Cotang. 


1 





9-724210 


337 


9-928420 


132 


9-795789 


468 


10-204211 


"60" 


1 


724412 


337 


928342 


132 


796Q70 


468 


203930 


59 


2 


724614 


336 


928263 


132 


796351 


468 


203649 


58 


3 


724816 


336 


928183 


132 


796632 


468 


203368 


57 


4 


725017 


336 


928104 


132 


796913 


468 


203087 


56 


5 


725219 


336 


928025 


132 


797194 


468 


202806 


55 


6 


725420 


335 


927946 


132 


797475 


468 


202525 


54 


7 


7?.'>622 


335 


927867 


132 


797755 


468 


202245 


53 


8 


725823 


335 


927787 


132 


798036 


467 


201964 


52 


9 


726024 


335 


927708 


132 


798316 


467 


201684 


51 


10 


726225 


335 


927629 


132 


798596 


467 


201404 


50 


11 


9-726426 


334 


9-927549 


132 


9-798877 


467 


10-201128 


49 


12 


726626 


334 


927470 


133 


799157 


467 


200843 


48 


13 


726827 


334 


927390 


138 


799437 


467 


200568 


47 


14 


727027 


334 


927310 


133 


799717- 


467 


200283 


46 


15 


727228 


334 


927231 


133 


799997 


466 


200003 


45 


16 


727428 


333 


927151 


138 


800277 


466 


199723 


44 


17 


727628 


333 


927071 


138 


800557 


466 


199443 


43 


18 


727828 


333 


926991 


133 


800836 


466 


199164 


42 


19 


728027 


333 


926911 


133 


801116 


466 


198884 


41 


20 


728227 


333 


926831 


138 


801396 


466 


198604 


40 


21 


9-728427 


332 


9-926751 


138 


9-801675 


466 


10-198825 


39 


22 


728626 


332 


926671 


133 


801955 


466 


198045 


38 


23 


728825 


38a 


926591 


133 


802234 


465 


197766 


37 


24 


729024 


832 


926511 


134 


802518 


465 


197487 


36 


25 


729223 


331 


926431 


134 


802792 


465 


197208 


35 


26 


729422 


331 


926351 


184 


803072 


465 


196928 


.34 


27 


729621 


831 


926270 


184 


803351 


465 


196649 


33 


28 


729820 


331 


926190 


184 


808630 


465 


196370 


32 


29 


730018 


830 


926110 


134 


803908 


465 


196092 


31 


30 


730216 


880 


926029 


134 


804187 


465 


195813 


30 


31 


9-730415 


880 


9-925949 


184 


9-804466 


464 


10196534 


29 


32 


730613 


880 


925868 


134 


804745 


464 


195255 


28 


33 


730811 


830 . 


925788 


134 


805023 


464 


194977 


27 


34 


731009 


329 


925707 


134 


805302 


464 


194698 


26 


35 


731206 


829 


925626 


134 


805580 


464 


194420 


25 


36 


731404 


829 


925545 


135 


805859 


464 


194141 


24 


37 


731602 


829 


925465 


135 


806137 


464 


193863 


23 


38 


731799 


829 


925384 


135 


806415 


463 


193585 


22 


39 


731996 


328 


925303 


135 


806693 


463 


193307 


21 


40 


732193 


828 


925222 


135 


806971 


463 


193029 


20 


41 


9-732890 


828 


9-925141 


135 


9-807249 


468 


10-192751 


19 


42 


732587 


828 


925060 


135 


807527 


463 


192473 


18 


43 


732784 


828 


924979 


135 


807805 


463 


192195 


17 


44 


732980 


827 


924897 


135 


808083 • 


463 


191917 


16 


45 


733177 


827 


924816 


135 


808361 


463 


191639 


15 


46 


783373 


827 


924735 


136 


808638 


462 


191362 


14 


47 


733569 


827 


924654 


136 


808916 


462 


191084 


13 


48 


733765 


327 


924572 


136 


809193 


462 


190807 


12 


49 


733961 


326 


924491 


186 


809471 


462 


190529 


11 


50 


734157 


326 


924409 


136 


809748 


462 


190252 


10 


51 


9-734358 


326 


9-924328 


186 


9-810025 


462 


10-189975 


9 


52 


784549 


326 


924246 


136 


810302 


462 


189698 


8 


53 


734744 


825 


924164 


136 


810580 


462 


189420 


7 


54 


784939 


325 


924083 


136 


810a57 


462 


189143 


6 


55 


735135 


325 


924001 


136 


811134 


461 


188866 


5 


56 


785330 


325 


923919 


136 


811410 


461 


188590 


4 


57 


735525 


325 


923837 


186 


811687 


461 


188318 


3 


58 


735719 


324 


923755 


137 


811964 


461 


188036 


2 


59 


785914 


824 


923673 


137 


812241 


461 


187759 


1 


60 


786109 


824 


923591 


137 


812517 


461 


187488 





Codne. 




- SUne. 




Cotang. 




TanR. 


M. 








07 


Seffre 


08. 









52a 
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83 Decrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


iCotang. 







9-736109 


324 


9-928591 


137 


9-812517 


461 


10-187482 


60 


1 


736303 


324 


928509 


137 


812794 


461 


187206 


59 


2 


736498 


324 


92-34^7 


137 


813070 


461 


186930 


58 


3 


736692 


323 


923345 


137 


818347 


460 


186658 


57 


4 


736886 


823 


923263 


137 


813623 


460 


186377 


56 


5 


737080 


823 


923181 


137 


813899 


460 


186101 


55 


6 


737274 


323 


923098 


137 


^4175 


460 


185825 


54 


7 


737467 


323 


923016 


137 


814452 


460 


185548 


53 


8 


737661 


322 


922933 


137 


814728 


460 


185272 


52 


9 


737855 


322 


922851 


137 


815004 


460 


184996 


51 


10 


738048 


322 


922768 


138 


815279 


460 


184721 


50 


11 


9-788241 


322 


9-922686 


138 


9-815555 


459 


10-184445 


49 


12 


738434 


322 


922008 


138 


815831 


459 


184169 


48 


13 


738627 


821 


922520 


138 


816107 


459 


183893 


47 


14 


738820 


821 


922438 


138 


816882 


459 


188618 


46 


15 


739013 


821 


922855 


138 


816658 


459 


183342 


45 


16 


739206 


821 


922272 


138 


816988 


459 


183067 


44 


17 


739398 


321 


922189 


138 


817209 


459 


182791 


43 


18 


739590 


820 


922106 


138 


817484 


459 


182516 


42 


19 


739783 


820 


922023 


138 


817759 


459 


182241 


41 


20 


- 739975 


820 


921940 


138 


818085 


458 


181965 


40 


21 


9-740167 


320 


9-921857 


139 


9-818310 


458 


10-181i90 


39 


22 


740359 


320 


921774 


139 


818585 


458 


181415 


38 


23 


740550 


319 


921691 


139 


818860 


458 


181140 


87i 


24 


740742 


819 


921607 


139 


819185 


458 


180865 


36 


25 


740934 


819 


921524 


139 


819410 


458 


180590 


35 


26 


741125 


819 


921441 


139 


819684 


458 


180316 


34 


27 


741316 


819 


921857 


139 


819959 


458 


180041 


83 


28 


741508 


818 


921274 


139 


820284 


458 


179766 


32 


29 


741699 


818 


921190 


139 


820608 


457 


179492 


81 


30 


741889 


318 


921107 


189 


820783 


457 


170217 


30 


31 


9-742080 


818 


9-921023 


139 


9-821057 


457 


10-178943 


29 


32 


742271 


818 


920939 


140 


821882 


457 


178668 


28 


33 


742462 


817 


920856 


140 


821606 


457 


178394 


27 


34 


742652 


317 


920772 


140 


821880 


457 


178120 


26 


35 


742842 


317 


91^)688 


140 


822154 


457 


177846 


25 


36 


743033 


317 


920604 


140 


822429 


457 


177571 


24 


37 


743228 


317 


920520 


140 


822703 


457 


177297 


23 


38 


743413 


816 


920136 


140 


822977 


456 


177023 


22 


39 


748602 


816 


920352 


140 


823250 


456 


176750 


21 


40 


748792 


816 


920268 


140 


823524 


456 


176476 


20 


41 


9-748982 


816 


9-920184 


140 


9-823798 


456 


10-176202 


19 


42 


744171 


316 


920099 


140 


8240^2 


456 


175028 


18 


43 


744361 


315 


920015 


140 


824845 


456 


175666 


17 


44 


744550 


315 


919981 


141 


824619- 


456 


176881 


16 


45 


744739 


315 


919846 


141 


824893 


456 


176107 


15 


46 


744928 


815 


919762 


141 


825166 


456 


174884 


14 


47 


745117 


815 


919677 


141 


825439 


455 


174561 


13 


48 


745306 


814 


919593 


141 


825713 


455 


174287 


12 


49 


745494 


314 


919508 


141 


825986 


455 


174014 


11 


50 


745683 


314 


919424 


141 


826259 


455 


173741 


10 


51 


9-745871 


814 


9-919889 


141 


9-826582 


455 


10178468 


9 


52 


746059 


314 


919254 


141 


826805 


455 


178195 


8 


53 


746248 


813 


919169 


141 


827078 


455 


172922 


7 


54 


746436 


313 


919085 


141 


827851 


456 


172649 


6 


55 


746624 


313 


919000 


141 


827624 


456 


172876 


5 


56 


746812 


313 


918915 


142 


827897 


454 


172103 


4 


57 


746999 


313 


918830 


142 


828170 


454 


171880 


3 


58 


747187 


312 


918745 


142 


828442 


454 


171668 


2 


59 


747374 


312 


918659 


142 


828715 


454 


171286 


1 


60 


747562 


812 


918574 


142 


828987 


454 


171018 







Cosine. 




Sine. i 


Cotang. ' 


Tang. 


M. 








00 


Pegre 


»•• ..Hh 


Cooc 


?le 





LOGABITRMIO 81N1G8 AND TANOSKTS. 
84 



53(1 



M. 


Sine.' 


D. 


CosiDe. 


D. 


Tang. 


D. 


Couwg. 









9-747562 


812 


9-918574 


142 


9*828987 


454 


10171018 


"60" 




1 


747749 


312 


918489 


142 


829260 


454 


170740 


59 




2 


747936 


312 


918404 


142 


829582 


454 


170468 


58 




8 


748123 


811 


918318 


142 


829805 


454 


170196 


57 




4 


748310 


311 


918238 


142 


830077 


454 


169923 


56 




5 


748497 


811 


918147 


142 


830349 


453 


169651 


55 




6 


748688 


811 


918062 


142 


830621 


453 


169379 


54 




7 


748870 


311 


917976 


143 


830893 


453 


169107 


53 




8 


749056 


310 


917891 


143 


831165 


453 


168835 


52 




9 


749248 


310 


917805 


143 


831437 


453 


168563 


51 




10 


749429 


810 


917719 


143 


831709 


453 


168291 


50 




11 


9-749616 


310 


9-917634 


143 


9-831981 


453 


10-168019 


49 




12 


749801 


310 


917548 


143 


832253 


453 


167747 


48 




13 


749987 


309 


917462 


143 


832525 


453 


167475 


47 




14 


750172 


309 


917376 


143 


832796 


453 


167204 


46 




15 


750358 


309 


917290 


143 


833068 


452 


166932 


45 




16 


750548 


309 


917204 


148 




452 


166661 


44 




17 


750729 


309 


917118 


144 


833611 


452 


166389 


43 




18 


750914 


308 


917032 


144 


833882 


452 


166118 


42 




19 


751099 


308 


916946 


144 


834154 


452 


165846 


41 




20 


751284 


308 


916859 


144 


834425 


452 


165575 


40 




21 


9-751^69 


308 


9-916778 


144 


9-884696 


452 


10-166804 


39 




22 


751654 


308 


916687 


144 


834967 


462 


165083 


38 




23 


751839 


808- 


916600 


144 


835238 


462 


164762 


37 




24 


752028 


807 


916614 


144 


885509 


452 


164491 


36 




25 


752208 


807 


916427 


144 


8?5780 


451 


164220 


35 




26 


752392 


307 


916341 


144 


836051 


451 


163949 


34 




27 


762576 


307 


916254 


144 


836322 


461 


163678 


33 




28 


752760 


307 


916167. 


145 


836593 


451 


163407 


32 




29 


762944 


306 


916081 


146 


836864 


451 


163136 


31 




30 


753128 


306 


915994 


145 


887134 


451 


162866 


30 




31 


9-753312 


306- 


9-915907 


145 


9-887406 


451 


10-162595 


29 




32 


763495 


306 


915820 


146 


887675 


461 


162325 


28 




33 


758679 


306 


916733 


146 


887946 


451 


162054 


27 




34 


758862 


305 


915646 


145 


838216 


451 


161784 


26 




35 


754046 


305 


915559 


146 


888487 


450 


161513 


25 




36 


754229 


305 


915472 


145 


838757 


450 


161243 


24 




37 


754412 


305 


915385 


145 


839027 


450 


160973 


23 




38 


754505 


305 


915297 


145 


839297 


450 


160703 


22 




39 


754778 


304 


915210 


146 


839568 


450 


160432 


21 




40 


754960 


304 


915123 


146 


839838. 


450 


160162 


20 




41 


9-755143 


304 


9'915035 


146 


9-840108 


450 


10-159892 


19 




42 


755326 


304 


914948 


146 


840378 


450 


159622 


18 




43 


755508 


304 


914860 


146 


840647 


450 


159353 


17 




44 


755690 


304 


914773 


146 


840917 


449 


169083 


16 




45 


756872 


303 


914685 


146 


841187 


449 


158813 


15 




46 


756054 


303 


914598 


146 


841457 


449 


158543 


14 




47 


756236 


303 


914510. 


146 


841726 


449 


158274 


13 




48 


756418 


303 


914422 


146 


841996 


449 


158004 


12 




49 


766600 


303 


914334 


146 


842266 


449 


157734 


11 




50 


766782 


302 


914246 


147 


842536 


449 


157465 


10 




51 


9-766963 


302 


9-914158 


147 


9-842806 


449 


10-157195 


9 




52 


757144 


302 


914070 


147 


843074 


449 


156926 


8 




53 


757326 


302 


913982 


147 


843343 


449 


156657 


7 




54 


767507 


302 


913894 


147 


843612 


449 


156388 


6 




55 


767688 


801 


913806 


147 


843882 


448 


156118 


5 




56 


767869 


301 


913718 


147 


844151 


448 


155849 


4 




57 


758060 


301 


913630 


147 


844420 


448 


155580 


3 




58 


758280 


301 


913541 


147 


844689 


448 


155311 


2 




59 


768411 


801 


913453 


147 


844958 


448 


155042 


1 




60 


758691 


301 


913365 


147 


845227 


448 


154773 




M. 




Corine. 




Sine. 




Cotang. 




Tang. 








55 


DesK 


>M. 


lyitized by 


Google 







54a 




LOQAftlTHMiC SINES AND TANGBNT8. 












85 Decrees. 








M. 


Sine. 


D. 


Ck>aine. 


D. 


Tang. 


D. 


Gotaug. 







9-768691 


801 


9 -gissee 


147 


9-845227 


448 


10-154773 


60 


1 


768772 


300 


913276 


147 


845496 


448 


154504 


59 


2 


768952 


800 


913187 


148 


845764 


448 


154236 


58 


3 


769132 


300 


913099 


148 


846033 


448 


153%7 


57 


4 


760312 


800 


913010 


148 


846302 


448 


153698 


56 


6 


769492 


800 


912922 


148 


846570 


447 


153430 


55 


6 


759672 


299 


912833 


148 


M6839 


447 


153161 


54 


7 


759862 


299 


912744 


148 


847107 


447 


152893 


53 


8 


760031 


299 


912655 


148 


847376 


447 


162624 


52 


9 


760211 


299 


912566 


148 


847644 


447 


152356 


51 


10 


760390 


299 


912477 


148 


847913 


447 


152087 


50 


11 


9-760569 


298 


9-912388 


148 


9-848181 


447 


10-151819 


49 


12 


760748 


298 


912299 


149 


848449 


447 


151551 


48 


18 


760927 


298 


912210 


149 


848717 


447 


151283 


47 


14 


761106 


298 


912121 


149 


848986 


447 


151014 


46 


15 


761285 


298 


912031 


149 


849254 


447 


150746 


45 


16 


761464 


298 


911942 


149 


849522 


447 


150478 


44 


17 


761642 


297 


911858 


149 


849790 


446 


160210 


43 


18 


761821 


297 


911763 


149 


850058 


446 


149942 


42 


19 


761999 


297 


911674 


149 


850325 


446 


149675 


41 


20 


762177 


297 


911584 


149 


850593 


446 


149407 


40 


21 


9-762856 


297 


9-911495 


149 


9-860861 


446 


10149m 
148871 


39 


22 


762534 


296 


911405 


149 


861129 


446 


38 


28 


762712 


296 


911316 


150 


851896 


446 


148604 


37 


24 


762889 


296 


911226 


150 


, 851664 


446 


148386 


36 


26 


768067 


296 


911136 


150 


851931 


446 


148069 


35 


26 


768245 


296 


911046 


150 


852199 


446 


147801 


34 


27 


768422 


296 


910966 


150 


852466 


446 


147684 


33 


28 


763600 


295 


910666 


150 


852733 


445 


147267 


32 


29 


768777 


296 


910776 


150 


553001 


445 


146999 


31 


30 


763964 


296 


910686 


150 


853268 


445 . 


146782 


30 


31 


9-764181 


295 


9-910596 


150 


9-853685 


445 


10-146465 


29 


32 


764308 


296 


910506 


150 


853802 


445 


146198 


28 


38 


764485 


294 


910416 


160 


854069 


445 


145981 


27 


34 


764662 


294 


910326 


161 


854386 


445 


145664 


26 


36 


764888 


294 


910235 


161 


854603 


445 


145897 


25 


36 


765015 


294 


910144 


151 


854870 


445 


145180 


24 


37 


766191 


294 


910054 


161 


855187 


446 


144868 


23 


38 


765367 


294 


909963 


151 


855404 


445 


144596 


22 


39 


766644 


293 


909873 


151 


855671 


444 


144829 


21 


40 


765720 


293 


909782 


151 


855938 


444 


144062 


20 


41 


9-765896 


293 


9-909691 


151 


9-856204 


444 


10-148796 


19 


42 


766072 


293 


909601 


151 


856471 


444 


143529 


18 


43 


766247 


293 


909510 


161 


856737 


444 


143268 


17 


44 


766423 


293 


909419 


151 


857004 


444 


142996 


16 


45 


766698 


292 


909328 


162 


857270 


444 


142780 


15 


46 


766774 


292 


909237 


152 


857587 


444 


142468 


14 


47 


766949 


292 


909146 


152 


857803 


444 


142197 


13 


48 


767124 


292 


909055 


152 


858069 


444 


141981 


12 


49 


767300 


292 


908964 


162 


858336 


444 


141664 


11 


60 


767475 


291 


908873 


152 


868602 


443 


141898 


10 


51 


9-767649 


291 


9-908781 


152 


9-858868 


443 


10141132 


9 


62 


767824 


291 


908690 


152 


859134 


443 


140666 


8 


53 


TO7999 


291 


90t<599 


152 


869400 


443 


140600 


7 


64 


768173 


291 


908507 


152 


869666 


443 


140884 


6 


55 


768348 


290 


908416 


153 


859932 


443 


140068 


5 


56 


768522 


290 


908324 


153 


860198 


443 


189802 


4 


57 


768697 


290 


908233 


153 


860464 


443 


139536 


3 


58 


768871 


290 


908141 


153 


860730 


443 


139270 


2 


69 


769045 


290 


908049 


153 


860995 


448 


139005 


1 


60 


769219 


290 


907958 


153 


861261 


448 


138789 







Cosine. 


1 Sine. 




Cotang. 




Tang. 


M. 



64 Deffreea. 



ytized by Google 



LOGARITHMIC SINKS AND TANGENTS. 



55^ 









86 Decrees. 








M. 


Sine. 


D. 


CoBine. 


D. 


Tang. 


D. 


Cotang. 







9-769219 


290 


9-907958 


163 


9-861261 


443 


10-138739 


60 


1 


769393 


289 


907866 


153 


861527 


443 


138473 


59 


2 


769566 


289 


907774 


153 


861792 


442 


138208 


58 


3 


769740 


289 


907682 


153 


862058 


442 


137942 


57 


4 


769913 


289 


907590 


153 


862323 


442 


' 137677 


56 


5 


770087 


289 


907498 


153 


862589 


442 


137411 


55 


6 


770260 


288 


907406 


153 


862854 


442 


137146 


54 


7 


770433 


288 


907314 


154 


863119 


442 


136881 


53 


8 


770606 


288 


907222 


154 


863885 


442 


136615 


52 


9 


770779 


288 


907129 


154 


863650 


442 


136350 


51 


10 


770952 


288 


907037 


154 


863915 


442 


136085 


50 


U 


9-771125 


288 


9-906945 


154 


9-864180 


442 


10-136820 


49 


12 


771298 


287 


906852 


154 


864445 


442 


136566 


48 


13 


771470' 


287 


906760 


154 


864710 


442 


135290 


47 


.14 


771643 


287 


906667 


154 


864975 


441 


135025 


46 


15 


771815 


287 


906575 


154 


866240 


441 


134760 


45 


16 


771987 


287 


906482 


154 


865505 


441 


134495 


44 


17 


772159 


287 


906389 


155 


866770 


441 


134230 


43 


18 


772331 


286 


906296 


155 


866035 


441 


133965 


42 


19 


772503 


286 


906204 


155 


866300 


441 


133700 


41 


20 


772675 


286 


906111 


155 


866564 


441 


133436 


40 


21 


9-772847 


286 


9-906018 


155 


9-866829 


441 


10-133171 


39 


22 


773018 


286 


906925 


155 


867094 


441 


132906 


38 


23 


773190 


286 


905832 


155 


867368 


441 


132642 


37 


24 


773361 


285 


905739 


156 


867623 


441 


132377 


36 


25 


773683 


285 


906645 


156 


867887 


441 


132113 


36 


26 


773704 


285 


905562 


166 


868152 


440 


131848 


34 


27 


773876 


285 


906459 


156 


868416 


440 


131584 


33 


28 


774046 


285 


905366 


156 


868680 


440 


131320 


32 


29 


774217 


285 


905272 


156 


868945 


440 


131056 


31 


90 


774388 


284 


905179 


156 


869209 


440 


130791 


30 


31 


9-774558 


284 


9-905085 


156 


9-869473 


440 


10-130527 


29 


32 


774729 


284 


904992 


156 


869737 


440 


130263 


28 


33 


774899 


284 


904898 


156 


870001 


440 


129999 


27 


34 


776070 


284 


904804 


156 


870266 


440 


129736 


26 


35 


775240 


284 


904711 


166 


870529 


440 


129471 


26 


36 


775410 


283 


904617 


166 


870793 


440 


129207 


24 


37 


775580 


283 


904523 


166 


871057 


440 


128943 


23 


38 


775760 


283 


904429 


157 


871321 


440 


128679 


22 


39 


775920 


^83 


904336 


157 


871586 


440 


128416 


21 


40 


776090 


283 


904241 


157- 


871849 


439 


128151 


20 


41 


9-776259 


283 


9-904147 


157 


9-872112 


439 


10-127888 


19 


42 


776429 


282 


904053 


167 


872376 


439 


127624 


18 


43 


776598 


282 


903959 


167 


872640 


439 


127360 


17 


44 


776768 


282 


903864 


157 


872903 


439 


127097 


16 


45 


776937 


282 


903770 


157 


873167 


439 


126833 


15 


46 


777106 


282 


903676 


157 


873430 


439 


126570 


14 


47 


'nrzib 


281 


903581 


167 


873694 


.439 


126306 


13 


48 


777444 


281 


903487 


157 


873957 


439 


126043 


12 


4sr 


777613 


281 


903392 


158 


874220 


439 


125780 


11 


50 


777781 


281 


9a3298 


158 


874484 


439 


125516 


10 


51 


9-777950 


281 


9-903203 


158 


9-874747 


439 


10-125253 


9 


52 


778U» 


281 


903108 


158 


875010 


439 


124990 


8 


53 


n^agj 


280 


903014 


158 


875273 


438 


124727 


7 


54 


778455 


280 


902919 


158 


875536 


438 


124464 


6 


55 


778624 


280 


902824 


158 


875800 


438 


124200 


5 


56 


778792 


280 


902729 


158 


876063 


438 


123937 


4 


67 


778960 


280 


902634 


158 


876326 


438 


123674 


3 


58 


779128 


280 


902539 


159 


876589 


438 


123411 


2 


59 


779295 


279 


902444 


159 


876851 


438 


123149 


1 


60 


779463 


279 


902349 


159 


877114 


438 


122886 







Cosine. 




Sine. 




Cotang. 




Tang. 


M. 



63 Deffrees; 
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87 


Decrees. 








M. 


Sine. 


D. 


Cosine. 


D. 


Tang. 


D. 


Coumg. 







9-779463 


279 


9-902349 


159 


9-877114 


438 


10-122886 


60 


1 


779631 


279 


902253 


159 


877377 


438 


122623 


59 


2 


779798 


279 


902158 


159 


877640 


438 


122360 


58 


3 


779966 


.279 


902063 


159 


877903 


438 


122097 


57 


4 


780133 


279 


901967 


159 


878165 


438 


121835 


56 


5 


780300 


278 


901872 


159 


878428 


438 


121572 


55 


6 


780467 


278 


901776 


159 


878691 


438 


121309 


M 


7 


780634 


278 


901681 


159 


878953 


437 


121047 


53 


8 


780801 


278 


901585 


159 


879216 


437 


120784 


52 


9 


780968 


278 


901490 


159 


879478 


437 


120522 


51 


10 


781134 


278 


901394 


160 


879741 


437 


120259 


50 


11 


9-781301 


277 


9-901298 


160 


9-880003 


437 


10-119997 


49 


12 


781468 


277 


901202 


160 


880265 


437 


119735 


48 


13 


781634 


277 


901106 


160 


880528 


437 


119472 


47 


14 


781800 


277 


901010 


160 


880790 


437 


119210 


46 


15 


781966 


277 


900914 


160 


881052 


437 


118948 


45 


16 


782132 


277 


900818 


160 


881314 


437 


118686 


44 


17 


782298 


276 


900722 


160 


881576 


437 


118424 


43 


18 


782464 


276 


900626 


160 


881839 


437 


118161 


42 


19 


782630 


276 


900529 


160 


882101 


437 


117899 


41 


20 


782796 

0* 


276 


900433 


161 


882363 


436 


117637 


40 


21 


9-782961 


276 


9-90033'/ 


161 


9-882625 


436 


10117376 


39 


22 


783127 


276 


900240 


161 


882887 


436 


117113 


38 


23 


783292 


275 


900144 


161 


883148 


436 


116852 


37 


24 


783458 


275 


900047 


161 


883410 


436 


116590 


36 


25 


783623 


275 


899951 


161 


883672 


436 


116328 


35 


26 


783788 


275 


899854 


161 


883934 


436 


116066 


34 


27 


783953 


275 


899757 


161 


884196 


436 


115804 


33 


28 


784118 


275 


899660 


161 


884457 


436 


116543 


32 


29 


784282 


274 


899564 


161 


884719 


436 


115281 


81 


30 


784447 


274 


899467 


162 


884980 


436 


115020 


30 


31 


9-784612 


274 


9-899370 


162 


9-885242 


436 


10114758 


29 


32 


784776 


274 


899273 


162 


885503 


436 


114497 


28 


33 


784941 


274 


899176 


162 


885765 


436 


114235 


27 


34 


785105 


274 


899078 


162 


886026 


436 


113974 


26 


35 


785269 


273 


898981 


162 


886288 


436 


113712 


25 


36 


785433 


273 


898884 


162 


886549 


435 


113451 


24 


37 


785597 


273 


898787 


162 


886810 


435 


113190 


23 


38 


785761 


273 


898689 


162 


887072 


435 


112928 


22 


39 


785925 


273 


898592 


162 


887333 


435 


112667 


21 


40 


786089 


273 


898494 


163 


887594 


435 


112406 


20 


41 


9-786252 


272 


9-898397 


163 


9-887855 


435 


10-112145 


19 


42 


78G416 


272 


898299 


163 


888116 


435 


111884 


18 


43 


786579 


272 


898202 


163 


888377 


435 


111623 


17 


44 


786742 


272 


898104 


163 


888639 


435 


111861 


16 


45 


786906 


272 


898006 


168 


888900 


435 


111100 


15 


46 


787069 


272 


897908 


163 


889160 


435 


110640 


14 


47 


787232 


271 


897810 


163 


889421 


435 


110579 


18 


48 


787395 


271 


897712 


163 


889682 


435 


110318 


12 


49 


787557 


271 


897614 


163 


889943 


435 


110057 


U 


60 


787720 


271 


897516 


163 


890204 


434 


109796 


10 


51 


9-787883 


271 


9-897418 


164 


9-890465 


434 


10109585 


9 


52 


788015 


271 


897320 


164 


890725 


434 


109276 


8 


53 


788208 


271 


897222 


164 


890986 


434 


109014 


7 


54 


788370 


270 


897123 


164 


891247 


434 


108763 


6 


55 


788532 


270 


897025 


164 


891507 


434 


108493 


6 


56 


788694 


270 


896926 


164 


891768 


434 


106232 


4 


57 


788856 


270 


896828 


164 


892028 


484 


107972 


8 


58 


789018 


270 


896729 


164 


892289 


434 


1077U 


2 


59 


789180 


270 


896631 


164 


892549 


434 


107461 


1 


60 


789342 


269 


896532 


164 


892810 


434 


107190 







Cosine. 
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M. 
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88 Deerrees. 








M. 


Sine. 


1 D- 


Cosine. 


D. 


Tang. 


D. 


Cotang. 







9-789342 


269 


9-896532 


164 


9.892810 


434 


10107190 


"60" 


1 


789504 


269 


896433 


165 


893070 


434 


106930 


59 


2 


789665 


269 


896335 


165 


893331 


434 


106669 


58 


3 


789827 


269 


896236 


165 


893691 


434 


106409 


57 


4 


789988 


269 


896137 


165 


893851 


434 


106149 


56 


5 


790149 


269 


896038 


165 


894111 


434 


105889 


55 


6 


790310 


268 


895989 


165 


894371 


434 


105629 


54 


7 


790471 


268 


895840 


165 


894632 


433 


la'safis 


53 


8 


790632 


268 


895741 


165 


894892 


433 


105108 


52 


9 


790793 


268 


895641 


165 


895152 


433 


104848 


51 


10 


790964 


268 


895542 


165 


895412 


433 


104588 


50 


11 


9-791115 


268 


9-895443 


166 


9-895672 


433 


10*104328 


49 


12 


791275 


267 


895343 


166 


895932 


433 


104068 


48 


13 


791486 


267 


896244 


166 


896192 


433 


103808 


47 


14 


791596 


267 


895145 


166 


896452 


433 


103548 


46 


15 


791757 


267 


895045 


166 


896712 


433 


103288 


45 


16 


791917 


267 


894946 


166 


896971 


433 


103029 


44 


17 


792077 


267 


894846 


166 


897231 


433 


102769 


43 


18 


792287 


266 


894746 


166 


897491 


433 


102509 


42 


19 


792897 


266 


894646 


166 


897751 


433 


102249 


41 


20 


792657 


266 


894546 


166 


898010 


438 


101990 


40 


21 


9-792716 


266 


9-894446 


167 


9-898270 


433 


10-101730 


39 


22 


792876 


266 


894346 


167 


898530 


438 


101470 


38 


23 


798085 


266 


894246 


167 


898789 


433 


101211 


37 


24 


798195 


265 


894146 


167 


899049 


432 


100951 


36 


25 


798364 


265 


894046 


167 


899808 


432 


100692 


35 


26 


793514 


265 


893946 


167 


899568 


432 


100432 


34 


27 


793673 


265 


893846 


167 


899827 


432 


100172 


33 


28 


793832 


265 


893745 


167 


900086 


432 


099914 


32 


29 


798991 


265 


893645 


167 


900346 


432 


099654 


31 


30 


794150 


264 


893644 


167 


900605 


432 


099395 


30 


31 


9-794308 


264 


9-893444 


168 


9-900864 


432 


10-099136 


29 


82 


794467 


264 


893348 


168 


901124 


432 


098876 


28 


33 


794626 


264 


893243 


168 


901383 


432 


098617 


27 


34 


794784 


264 


893142 


168 


901642 


432 


098358 


26 


35 


794942 


264 


898041 


168 


901901 


432 


098099 


25 


36 


795101 


264 


892940 


168 


902160 


432 


097840 


24 


37 


796259 


264 


892839 


168 


902419 


432 


097581 


23 


38 


795417 


263 


892739 


168 


902679 


432 


097321 


22 


39 


796575 


263 


892638 


168 


902938 


432 


097062 


21 


40 


795733 


263 


892536 


168 


903197 


431 


096803 


20 


41 


9-795891 


263 


9-892435 "^ 


169 


9-903455 


431 


10096545 


19 


42 


796049 


263 


892834 


169 


903714 


431 


096286 


18 


43 


796206 


263 


892283 


169 


903973 


431 


096027 


17 


44 


796364 


262 


892132 


169 


904232 


431 


095768 


16 


45 


796621 


262 


892030 


169 


904491 


431 


095509 


15 


46 


796679 


262 


,891929 


169 


904750 


481 


095260 


14 


47 


796836 


262 


891827 


169 


905008 


431 


094992 


13 


48 


796993 


262 


891726 


169 


905267 


431 


094733 


12 


49 


797150 


261 


891624 


169 


905526 


431 


094474 


11 


50 


797807 


261 


891523 


170 


905784 


431 


094216 


10 


51 


9-797464 


261 


9-891421 


170 


9-906043 


431 


10-093967 


9 


52 


797621 


261 


891319 


170 


906302 


431 


093698 


8 


53 




261 


891217 


170 


906560 


431 


093440 


7 


54 


797984 


261 


891115 


170 


906819 


431 


093181 


6 


65 


798091 


261 


891013 


170 


907077 


431 


092928 


6 


56 


798247 


261 


890911 


170 


907336 


481 


092664 


4 


57 


798403 


260 


890809 


170 


907594 


431 


092406 


8 


58 


796560 


260 


890707 


170 


907852 


431 


092148 


2 


59 


798716 


260 


890605 


170 


908111 


430 


091889 


1 


60 


798872 


260 


890503 


170 


908369 


480 


091631 





Cosine. 




Sine. 




Cotang. 




Tang. 


M. 



61 Decrees. 



byUOG 



LOGARITHMIC SINES AND TANGENTS. 









89 


Decrees. 








M. 


moe. 


D. 


Cosine. 


D. 

i70 


Tang. 
9-908369 


D. 


Gouns. 


~^'~' 





9-798872 


260 


9-890503 


430 


10-091631 


lor 


1 


799028 


260 


890400 


171 


908628 


430 


091372 


69 


2 


799184 


260 


890298 


171 


908886 


430 


091114 


58 


3 


799339 


259 


890195 


171 


909144 


430 


090856 


67 


4 


799495 


259 


890093 


171 


901M02 


430 


090596 


66 


5 


799651 


259 


889990 


171 


909660 


430 


090340 


55 


6 


799806 


259 


889888 


171 


909918 


430 


090082 


64 


7 


799962 


259 


889785 


171 


910177 


430 


089823 


63 


8 


800117 


259 


889682 


171 


91(M35 


430 


089566 


62 


9 


800272 


258 


889579 


171 


910693 


430 


089307 


51 


10 


800427 


258 


889477 


171 


910951 


430 


089049 


60 


11 


9-800582 


258 


9-889374 


172 


9-911209 


480 


10-088791 


49 


12 


800737 


258 


889271 


172 


911467 


430 


088588 


48 


13 


800892 


258 


889168 


172 


911724 


430 


088276 


47 


14 


801047 


258 


889064 


172 


911982 


480 


088018 


46 


15 


801201 


258 


888961 


172 


912240 


430 


087760 


46 


16 


801356 


257 


888858 


172 


912498 


430 


067502 


44 


17 


801511 


257 


888755 


172 


912756 


430 


087244 


48 


18 


801665 


257 


888651 


172 


913014 


429 


086986 


42 


19 


801819 


257 


888548 


172 


913271 


429 


086729 


41 


20 


801973 


257 


888444 


173 


913529 


429 


086471 


40 


21 


9-802128 


257 


9-888341 


173 


9-913787 


429 


10-086213 


39 


22 


802282 


256 


8t'8237 


173 


914044 


429 


085066 


38 


23 


802436 


256 


888134 


173 


914302 


429 


066696 


37 


24 


802589 


256 


888030 


173 


914560 


429 


086440 


86 


25 


802743 


256 


887926 


173 


914817 


429 


086188 


36 


26 


802897 


256 


887822 


173 


915075 


429 


064926 


84 


27 


803050 


256 


887718 


173 


915332 


429 


064668 


38 


28 


803204 


256 


887614 


178 


915590 


429 


084410 


32 


29 


803357 


255 


887510 


173 


915847 


429 


084158 


31 


SO 


803511 


255 


887406 


174 


916104 


429 


083896 


30 


31 


9-803664 


255 


9-887302 


174 


9-916862 


429 


10-063638 


29 


82 


803817 


255 


887198 


174 


916619 


429 


063381 


28 


33 


803970 


255 


887093 


174 


916877 


429 


083128 


27 


84 


804123 


255 


886989 


174 


917184 


429 


082866 


26 


85 


804276 


254 


886885 


174 


917891 


429 


082609 


26 


36 


804428 


254 


886780 


174 


917648 


429 


082852 


2i 


37 


8W581 


254 


886676 


174 


917905 


429 


082096 


23 


38 


804734 


254 


886571 


174 


918168 


428 


061887 


22 


39 


804886 


254 


88&466 


174 


918420 


428 


061680 


21 


40 


805039 


254 


886362 


175 


918677 


428 


061823 


20 


41 


9-805191 


254 


9-886257 


175 


9-918984 


428 


10-081066 


19 


42 


805343 


253 


886152 


175 


919191 


428 


080609 


18 


43 


805495 


253 


886047 


175 


919448 


428 


060662 


17 


44 


805647 


253 


885942 


175 


919705 


428 


060295 


16 


45 


805799 


253 


885837 


175 


919962 


428 


080088 


15 


46 


805951 


253 


885732 


175 


920219 


428 


079781 


14 


47 


806103 


253 


885627 


175 


920176 


428 


079524 


18 


48 


806254 


253 


885522 


175 


920738 


428 


079267 


12 


49 


800106 


252 


885416 


175 


920990 


428 . 


079010 


11 


50 


806557 


252 


885311 


176 


921247 


428 


07876S 


10 


51 


9-806709 


252 


9-885205 


176 


9-921608 


428 


10076497 


9 


52 


806860 


252 


885100 


176 


921760 


428 


078240 


8 


53 


807011 


252 


884994 


176 


922017 


428 


077963 


7 


54 


807163 


252 


884889 


176 


922274 


428 


077726 


6 


55 


807314 


252 


884783 


176 


922530 


428 


077470 


6 


5G 


807465 


251 


884077 


176 


922787 


428 


077213 


4 


57 


807615 


251 


881572 


176 


923044 


428 


076966 


8 


58 


807766 


251 


881466 


176 


923300 


. 428 


076700 


2 


59 


807917 


251 


8^4360 


176 


923557 


427 


076448 


1 


60^ 


808067 
Cosine. 


251 


8842M 


177 


923813 


427 


076187 










Sine. " 




Coung. 




Tang. 


X. 



60 Degrees. 



dbyGoogk 







LOOABITHMIO BIKES AND TANC 


JENTS. 




59 








40 


DesreM. 








M. 


Sine. 


D. 


Cortne. 


D. 


TMg. 


D. 


Coung. 







9-808067 


251 


9-884254 


177 


9-923813 


427 


10076187 


"60 


1 


808218 


251 


884148 


177 


0^4070 


427 


075930 


59 


2 


808368 


251 


884042 


177 


924327 


427 


075673 


58 


3 


808519 


250 


883936 


177 


9:^583 


427 


075417 


57 


4 


808669 


250 


• 883829 


177 


924&40 


427 


075160 


56 


5 


808819 


250 


883723 


177 


925096 


427 


074904 


55 


6 


808969 


250 


883617 


177 


925352 


427 


074648 


54 


7 


809119 


250 


883510 


177 


925609 


427 


074391 


53 


8 


809269 


250 


883404 


177 


925865 


427 


074136 


52 


9 


809419 


249 


883297 


178 


926122 


427 


073878 


51 


10 


809569 


249 


883191 


178 


926378 


427 


073622 


50 


U 


9-809718 


249 


9-888084 


178 


9-926634 


427 


10073866 


49 


12 


809868 


249 


882977 


178 


926890 


427 


073110 


48 


13 


810017 


249 


482871 


178 


927147 


427 


072853 


47 


14 


810167 


249 


883764 


178 


927403 


427 


072597 


46 


15 


810816' 


248 


882657 


178 


927659 


427 


072341 


45 


16 


810465 


248 


882550 


178 


927915 


427 


072086 


44 


17 


810614 


248 


882443 


178 


928171 


427 


071829 


43 


18 


810763 


^ 


882836 


179 


928427 


427 


• 071578 


42 


19 


810912 


248 


882229 


179 


928683 


427 


071317 


41 


20 


8U061 


248 


882121 


179 


928940 


427 


071060 


40 


21 


9-811210 


248 


9-882014 


179 


9-929196 


427 


10-070804 


39 


22 


811358 


247 


881907 


179 


929452 


427 


070548 


38 


23 


8U607 


247 


881799 


179 


929708 


427 


070292 


37 


24 


811655 


247 


881692 


179 


929964 


426 


070086 


36 


25 


811804 


247 


881584 


179 


930220 


426 


069780 


35 


26 


811952 


247 


881477 


179 


930475 


426 


069525 


34 


27 


812100 


247 


881369 


179 


930731 


426 


069269 


33 


28 


812248 


247 


881261 


180 


930987 


426 


069013 


32 


29 


812396 


246 


881153 


180 


931243 


426 


068757 


31 


30 


812544 


246 


881046 


180 


931499 


426 


068501 


30 


31 


9-812692 


246 


9-880938 


180 


9-931756 


426 


10068246 


29 


32 


812840 


246 


880830 


180 


932010 


426 


067990 


28 


33 


812988 


246 


880722 


180 


932266 


426 


067734 


27 


34 


813135 


246 


880613 


180 


932522 


426 


067478 


26 


35 


813288 


•246 


880505 


180 


932778 


426 


067222 


25 


36 


813430 


245 


880397 


180 


933033 


426 


066967 


24 


37 


813578 


245 


880289 


181 


933289 


426 


066711 


23 


38 


813725 


245 


880180 


181 


933545 


426 


06&455 


22 


39 


813872 


245 


880072 


181 


933800 


426 


066200 


21 


40 


814019 


245 


879963 


181 


934056 


426 


065944 


20 


41 


9-814166 


245 


9-879855 


181 


9-934811 


426 


10-065689 


19 


42 


814318 


245 


879746 


181 


934567 


' 426 


06M33 


18 


43 


814460 


244 


879637 


181 


934823 . 


426 


065177 


17 


44 


814607 


244 


879529 


181 


935078 


426 


064922 


16 


45 


814753 


244 


879420 


181 


935333 


426 


064667 


15 


46 


814900 


244 


879311 


181 


935589 


426 


064411 


14 


47 


815046 


244 


879202 


182 


935W4 


426 


0fr4156 


13 


48 


815193 


244 


879093 


182 


936100 


426 


063900 


12 


49 


815339 


244 


878984 


182 


936355 


426 


063645 


11 


50 


815485 


2i2 


878875 


182 


936610 


426 


063390 


10 


51 


9-815631 


243 


9-878766 


182 


9-936866 


425 


10-063134 


9 


62 


816778 


243 


878656 


182 


937121 


425 


062879 


8 


63 


815924 


IM3 


878547 


182 


937376 


425 


062024 


7 


M 


816069 


243 


87W38 


182 


937632 


425 


062368 


6 


55 


816215 


243 


878328 


182 


937887 


425 


062113 


5 


66 


816361 


^3 


878219 


183 


938142 


425 


061858 


4 


57 


816507 


242 


878109 


183 


938398 


425 


061602 


3 


68 


816652 


242 


877999 


183 


938653 


425 


061347 


2 


69 


816798 


^2 


877890 


183 


938908 


425 


061092 


1 


60 


816943 


212 


877780 


183 


939163 


425 


_060837_ 
Tang. 







Co«lnc. 


Sine. 


1 Cotaag. 




M. 



49 Desrees. 



dbyGoogk 



60« 



LOGARITHMIC SINKS AND TANGKNTS. 
41 Degrees. 



k. 


-Sine. - 


D. 


Codne. 


D. 


Tang. 


D. 


Cotang. 




"0" 


9-8] 6943 


242 


9-877780 


183 


9-989163 


425 


10-060837 


60 


1 


817088 


242 


877670 


183 


989418 


425 


060582 


59 


2 


"817233 


242 


877560 


183 


989673 


425 


060327 


58 


3 


817379 


242 


877450 


183 


939928 


425 


060U72 


57 


4 


817524 


241 


877340 


188 


940188 


425 


059817 


56 


5 


817668 


241 


877230 


184 


940438 


425 


059562 


55 


6 


817813 


241 


877120 


184 


940694 


425 


059306 


54 


7 


817958 


241 


877010 


184 


940949 


425 


059051 


53 


8 


818103 


241 


876899 


184 


941204 


425 


0587% 


52 


9 


818247 


241 


876789 


184 


941458 


425 


058542 


51 


10 


818392 


241 


876678 


184 


941714 


425 


058286 


60 


11 


9-818536 


240 


9-876568 


184 


9-941968 


426 


10-058032 


49 


12 


818681 


240 


876457 


184 


942228^ 


425 


057777 


48 


13 


818825 


240 


876347 


184 


942478* 


425 


057522 


47 


14 


818969 


240 


876236 


185 


942733 


425 


057267 


46 


16 


819113 


240 ' 


876125 


185 


942988 


425 


057012 


45 


16 


819257 


240 


876014 


185 


943248 


425 


056757 


44 


17 


819401 


240 


875904 


185 


948498 


425 


066502 


48 


18 


819545* 


239 


875793 


185 


948752 


425 


056248 


42 


19 


819689 


239 


875682 


185 


944007 


425 


055993 


41 


20 


1819832 


239 


875571 


185 


944262 


425 


055738 


40 


21 


9-819976 


239 


9-875459 


185 


9-944617 


425 


10-055483 


39 


22 


820120 


289 


1875848 


185 


944771 


424 


066229 


38 


28 


820268 


239 


875287 


185 


945026 


424 


064974 


37 


24 


820406 


239 


875126 


186 


945281 


424 


054719 


36 


25 


820550 


238 


875014 


186 


945535 


424 


054466 


85 


26 


820693 


238 


874903 


186 


945790 


424 


054210 


34 


27 


820836 


238 


874791 


186 


946045 


424 


063956 


83 


28 


820979 


238 


874680 


186 


946299 • 


424 


053701 


32 


29 


821122 


238 


874568 


186 


946554 


424 


053446 


81 


30 


821265 


238 


874456 


186 


946808 


424 


053192 


30 


31 


9-821407 


238 


9-874344 


186 


9-947063 


424 


10-052937 


29 


32 


821550 


238 


874282 


187 


947818 


424 


052682 


28 


33 


821693 


237 


874121 


187 


947572 


424 


052428 


27 


34 


821835 


237 


874009 


187 


947826 


424 


052174 


26 


35 


821977 


237 


873896 


187 


948081 


424 


051919 


25 


36 


822120 


237 


873784 


187 


948386 


424 


061664 


24 


37 


822262 


237 


873672 


187 


948590 


424 


061410 


23 


38 


822404 


237 


873560 


187 


948844 


424 


061156 


22 


39 


822546 


237 


873448 


187 


949099 


424 


050901 


21 


40 


822688 


236 


873385 


187 


949858 


424 


050647 


20 


41 


9-822830 


. 236 




187 


9-949607 


424 


10-060398 


19 


42 


822972 


236 


873110 


188 


949862 


424 


060188 


18 


43 


823114 


236 


872998 


188 


950116 


424 


049884 


17 


44 


823255 


236 


872885 


188 


950370 


424 


049630 


16 


45 


823897 


236 


872772 


188 


950625 


424 


049375 


15 


46 


823539 


236- 


872659 


188 


950879 


424 


049121 


14 


47 


823680 


235 


872547 


188 


951183 


424 


048867 


13 


48 


823821 


285 


872484 


188 


951388 


424 


048612 


12 


49 


823963 


285 


872321 


188 


951642 


424 


048858 


11 


50 


824104 


235 


872208 


188 


951896 


424 


048104 


10 


51 


9-824245 


235 


9-872095 


189 


9-962150 


424 


10-047850 


9 


52 


824386 


235 


871981 


189 


952405 


424 


047695 


8 


53 


824527 


235 


871868 


189 


952659 


424 


047841 


7 


54 


824668 


234 


871765 


189 


952913 


424 


047087 


6 


55 


824808 


284 


871641 


189 


958167 


423 


046883 


5 


56 


824949 


234 


871528 


189 


953421 


423 


046679 


4 


57 


825090 


234 


871414 


189 


968675 


42B 




8 


58 


825230 


284 


871301 


189 


958929 


4S& 


ojn^ 


2 


59 


825371 


234 


871187 


189 


954183 


428 


oj^nj 


1 


60 


825511 


234 


871078 


190 


954437 


^8 


— ^Bs-. 







Cosine. 




Sine. 




Cotang. 




Wf* 








48 


beffr« 


iyitizedby 


Goo^ 


¥3^^ 





LOdABITHMIC SINES AND TANGENTS. 
4S 



61a 



M. 


Sine. 


D. 


Codne. 


D. 


Tang. 


D. 


Coung. 







9-825511 


234 


9-871073 


190 


9-954437 


428 


10046568 


60 


1 


825651 


233 


870960 


190 


954691 


423 


046309 


59 


2 


825791 


233 


870846 


190 


954945 


423 


046055 


5» 


8 


825931 


233 


870732 


190 


955200 


423 


044800 


57 


4 


826071 


233 


870618 


190 


955464 


423 


044546 


56 


6 


826211 


283 


870504 


190 


955707 


423 


044293 


55 


6 


826351 


233 


870390 


190 


955961 


423 


044039 


54 


7 


826491 


233 


870276 


190 


956215 


423 


043785 


53 


8 


826631 


233 


870161 


190 


956469 


423 


043531 


52 


9 


826770 


232 


870047 


191 


956723 


423 


043277 


51 


10 


826910 


232 


869933 


191 


956977 


423 


043028 


50 


U 


9-827049 


232 


9-869818 


191 


9-967281 


423 


10-042769 


49 


12 


82n89 


232 


869704 


1«1 


957485 


423 


042515 


48 


13 


827828 


232 


869589 


1«1 


957789 


423 


042261 


47 


U 


827467 


232 


869474 


191 


957993 


423 


042007 


46 


15 


827606 


232 


869860 


1»1 


958246 


423 


041754 


45 


16 


^27745 


232 


869245 


191 


958500 


423 


041500 


44 


17 


827884 


231 


869130 


191 


958754 


423 


041246 


43 


18 


828028 


231 


869015 


192 


959008 


423 


040992 


42 


19 


828162 


231 


868900 


192 


959262 


423 


040738 


41 


20 


828301 


231 


868785 


192 


959516 


423 


040484 


40 


21 


9-828489 


231 


9-868670 


192 


9-9&»709 


423 


10040231 


89 


22 


828578 


231 


868555 


192 


960028 


423 


089977 


38 


23 


828716 


231 


868440 


192 


960277 


423 


069723 


37 


24 


828855 


230 


868824 


192 


960^1 


423 


08W69 


36 


25 


828998 


230 


868209 


192 


960784 


423 


089216 


35 


26 


829181 


230 


868098 


192 


961088 


423 


088962 


34 


27 


829269 


230 


867978 


198 


961291 


423 


088709 


33 


28 


829407 


230 


867862 


198 


961545 


423 


038455 


32 


29 


829545 


230 


867747 


108 


961799 


423 


088201 


81 


30 


829683 


230 


867631 


108 


962052 


428 


087948 


30 


31 


9-829821 


229 


9-867515 


108 


9-962306 


423 


10-087694 


29 


32 


829959 


229 


867899 


108 


962660 


423 


087440 


28 


33 


880097 


229 


867283 


198 


962813 


423 


087187 


27 


34 


830284 


229 


867167 


198 


968067 


423 


086933 


26 


35 


830S72 


229 


867061 


198 


968820 


423 


086680 


25 


36 


880509 


229 


866935 


194 


968574 


423 


086426 


24 


37 


830646 


229 


866819 


194 


963827 


423 


086178 


23 


38 


830784 


229 


866703 


194 


964061 


423 


035919 


22 


39 


830921 


228 


866586 


194 


964835 


423 


085665 


21 


40 


831058 


228 


866470 


194 


964588 


422 


085412 


20 


41 


9-831195 


228 


9-866868 


194 


9-96484» 


422 


10-086158 


19 


42 


831332 


228 


866287 


194 


966095 


422 


084905 


18 


43 


831469 


228 


866120 


194 


965849 


422 


084651 


17 


44 


831606 


228 


866004 


196 


965602 


422 


084898 


16 


45 


831742 


228 


865887 


195 


965856 


422 


084145 


15 


46 


831879 


228 


866770 


195 


966109 


422 


088891 


14 


47 


832015 


227 


865653 


195 


966S62 


422 


033688 


13 


48 


832152 


227 


865536 


195 


966616 


422 


033884 


12 


49 


832288 


227 


865419 


195 


966869 


422 


088181 


11 


50 


832425 


•227 


865302 


195 


967128 


422 


082877 


10 


51 


9-832561 


227 


9-866185 


195 


9-967876 


422 


10*082624 


9 


52 


832697 


227 


865068 


196 


967629 


422 


082871 


8 


53 


832833 


227 


864950 


195 


967888 


422 


082117 


7 


54 


882069 


226 


864833 


196 


968186 


422 


031864 


6 


55 


883105 


226 


864716 


196 


968889 


422 


031611 


5 


56 


833241 


226 


864598 


196 


968648 


422 


031367 


4 


57 


888377 


226 


864481 


196 


968896 


422 


081104 


8 


58 


838512 


226 


864363 


196 


969149 


422 


030851 


2 


59 


888648 


226 


864245 


196 


969403 


422 


080697 


1 


60 


883788 


226 


864127 


196 


969656 


422 


030844 





Cortne. 




Sine. 




Cotang. 




Tang. 


M. 



47 Decrees. 
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IVATUBAL SINES AMD COSINES. 



NATURAL SINES, COSINES, TANGENTS, AND 
COTANGENTS. 



The uses to which a table of natural sines, cosines, tangents, and cotan- 
gents can be put are numerous, but in this instance their usefulness to 
mining officials only will be shown. 

The following cut shows what each is, in relation to an angle : 




F E or I C = Sine of angle F C E. 

P I or C E = Cosine. 

D G = Tangent. 

AH = Cotangent. 

ED = Versed Sine. 

A I = Coversine. 

CD =3 Radius. 

A K = Chord. 



A M K = Arc. 

A B = Diameter. 

Segment is the space included between 

the chord A K and the arc A M K. 
Sector is the space included between 

the radii Cf B and C K and the 

arcBK. 



TRIGONOMETRICAL EQUIVALENTS. 



V(l -8ine») = C08. 




V(l - Co8.«) = Sine. 


Sine -!-Tan. = Cos. 




1 -♦- Cot. = Tan. 


Sine X Cot. = Cos. 




1 ■+■ Sine = Cosec. 


Sine -f-Co8. =Tan. 




1 -♦- Cos. = Sec. 


Cos. -^ Sine = Cot. 




1 -+- Cosec. = Sine. 


Cos. H- Cot. = Sine. 




1 -J- Sec. = Cos. 


Tan. -^ Sine = Sec. 




1 ■+■ Tan. = Cot 


Tan. -J- Sec. = Sine. 




1 — Cos. — Versine. 


Tan. X Cot. = Rad. 




1 — Sine = Coversine. 


Horizontal distance 


= natural cosine X pitch distance. 


Horizontal distance 


= vertical distance -h natural tangent. 


Vertical distance 


= natural sine X pitch distance. 

= natural tangent X horizontal distance. 

= horizontal distance -f- natural cosine. 


Vertical distance 


Pitch distance 


Pitch distance 


= vertical distance -4- natural sine. 


Vertical distance 


-^ horizontal distance = tangent of angle. 


Vertical distance 


-i- pitch dist 


ance = sine of angle. 



KAti^kAL 8tKts Aid> cosurtt. 65a 

I To tmi tkd stnta oa a repe haUttac •■ m iBdlac— 1 is to line of angle of 
tncUnation as the net weight of the load is to the strain on the rope. 
Example.— If a wagon weighing 4 tons is being hoisted np an incline of 
ffp, what is the strain on the rope, independent of friction and weight of the 
lope? 

-50000X4 
1 : -50000 or sine of 30° :: 4 tons : ( ), or j -s 2 tons. 

T« flad the eableal eoateats ef eaal laaaw 4810, or number of sq. yds. in 
in' acre, multiplied by the thickness of the seam, and the raolt diTided by 
fte cosine of the angle of inclination, gives the cubical contents per acre. 

This table is also used in the solution of problems in connection with right- 
logled triangles. Let us suppose, for instance, there is a seam of coal dipping 
•tan angle of 35^ westward, and it is desired to sink a shaft 800 feet west of 
Ihe outcropping. When the surface is level it is plain that the seam, the 
line from the outcropping to the shaft, and the shaft, when sunk, form a 
dffht-angled triangle. The line on the sui&oe can be taken as the cosine, 
while the shaft forms the sine I C on diagram, page 64a, and the aeam forms 
j the radius. Hence, we make the following proportion : 

I OediieS5<? SineSSO 

As -81915 : '57858 :: 300 : 210 feet, the depth of the shaft. 

! Or the surface line may be taken as the radius, the shaft as the tangent, and 
the seam as the secant. See diagram on page &ki. Then, as 

Badios Tangent SSO • 

1 : -70021 :: 800 : 210 feet, the depth of the shafti 

Again, let us suppose in a shaft there is a seam 50 feet from the bottom, dip- 
ping at an angle ox 30° east, It is desired to drive a tunnel from the bottom of 
the shaft across the measures till it meets the seam. The distance from the 
bottom of the shaft to the seam can be taken as the Bine, the tunnel as the 
cosine, and the seam as the radius, thus : 

Sine W> Cosine 30° 
As -5 : '86603 :: 50 : 866 feet, the length of the tunnel. 

The table is ftirther used for finding the northing and southing, easting and 
westing of a survey. Thus, if we desire to know tne northing and easting of 
N. 18° E , 56 links, we find in the table opposite 18°, -95106 cosine and -80902 
Bine, which multiplied by 56 gives 53-26 northing and 17-8 of easting, and the 
distance between the extreme points may be found as follows : 

»^68'26« + 17-3^ - 56 neady. 



dbyGoO^I^' 
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KATU&AL SINES AN9 COfltKfiB. 
Natural Binfti. 



/ 


©o 


1° 


2° 


8° 


4° 


5° 


6° 


7° 


8° 


S'^ 


f 





000000 


017452 


084899 


052336 


069756 


087156 


104528 


121869 


139173 


156434 


60 


5 


1454 


8907 


6353 


8788 


071207 


8605 


6975 


8313 


140613 


7871 


55 


10 


2909 


020361 


7806 


6241 


2658 


090053 


7421 


4756 


2053 


9307 


60 


15 


4363 


1815 


9260 


6693 


4108 


1502 


8867 


6199 


'M'M 


160748 


45 


20 


5818 


8269 


040713 


8146 


6559 


2950 


110313 


7&42 


4932 


2178 


40 


25 


7272 


4723 


2166 


9597 


7009 


4398 


1758 


9084 


6371 


3613 


35 


30 


8727 


6177 


3619 


061049 


8469 


6846 


3203 


180526 


7809 


5048 


80 


35 


010181 


7631 


5072 


2500 


9909 


7293 


4648 


1968 


9248 


6482 


25 


40 


1635 


9085 


6525 


8952 


081859 


8741 


6093 


8410 


150686 


7916 


20 


45 


3090 


030539 


7978 


5408 


2808 


100188 


7637 


4851 


2123 


9850 


15 


50 


•4544 


1992 


9431 


6854 


4258 


1686 


8982 


6292 


8561 


170783 


10 


55 


5996 


8446 


050883 


8306 


6707 


8082 


120426 


7783 


4998 


2216 


5 


60 


7452 


4899 
88° 


2386 
87° 


9756 
86° 


7156 
86° 


4528 


1869 


9173 
82° 


6434 


3648 
80° 





Cos. 


89° 


84° 


83° 


81° 


Sine 



IQO 

173648 


11° 

190809 


12° 


13° 

224961 


14° 


15° 

258819 


16° 

275637 


17° 

20^2 


18° 

809017 


19«> 


60 


207912 


241922 


325668 


5 


5080 


2237 


.9334 


6368 


8333 


260224 


7036 


3762 


810400 


6943 


55 


10 


6512 


3664 


210756 


7784 


4743 


1628 


8432 


6152 


1782 


8317 


50 


15 


7944 


5090 


2178 


9200 


6153 


8031 


9829 


6542 


8164 


9691 


45 


20 


9375 


6517 


8599 


230616 


7563 


4434 


281225 


7930 


4545 


331063 


40 


25 


180805 


7942 


5019 


2031 


8972 


6837 


2620 


9318 


6925 


2435 


35 


80 


2236 


9368 


6440 


8446 


250380 


7238 


4015 


300706 


7306 


3807 


30 


35 


3665 


200798 


7859 


4859 


1788 


8640 


6410 


2098 8684 


5178 


25 


40 


5095 


2218 


9279 


6278 


8195 


270040 


6803 


M19 


820062 


6547 


20 


45 


6524 


8642 


220697 


7686 


4602 


1440 


8196 


4864 


1439 


7917 


15 


50 


7953 


5065 


2116 


9098 


6008 


2840 


9589 


6249 


2816 


9285 


10 


55 


9381 


6489 


8534 


240510 


7414 


.4239 


290981 


7683 


4193 


340653 


5 


60 
Cos. 


190809 


7912 


4951 


1922 


8819 


•6637 


2372 
73° 


9017 


6568 


2020 





79° 


78° 


77° 


76° 


76° 


74° 


72° 


71° 


70° 


• 


Sine 



20° 

342020 


21° 

358368 


22° 

374607 


23° 

390731 


24° 

406737 


26° 

422618 


26° 


27° 

453990 


28° 


29° 


60 


438371 


46M72 


484810 


5 


3387 


9725 


5955 


2070 


8065 


3936 


9678 


6286 


470766 


6081 


55 


10 


4752 


361082 


7802 


8407 


9392 


6253 


440984 


6580 


2088 


7352 


50 


15 


6117 


2438 


8649 


4744 


410719 


6569 


2289 


7874 


8320 


8621 


45 


20 


7481 


8793 


9994 


6080 


2045 


7884 


8593 


9166 


4600 


9890 


40 


25 


8845 


5148 


881339 


7415 


8368 


9198 


4896 


460458 


6880 


491157 


35 


30 


350207 


6601 


2683 


8749 


4693 


480511 


6198 


1749 


7159 


2424 


SO 


35 


1569 


7854 


4027 


400082 


6016 


1823 


7499 


8038 


8486 


8689 


25 


40 


2981 


9206 


5369 


1415 


7338 


8135 


8799 


4327 


9718 


4953 


20 


45 


4291 


370557 


6711 


2747 


8660 


4445 


450098 


6615 


480989 


6217 


15 


50 


5651 


1908 


8052 


4078 


9980 


5755 


1397 


6901 


2263 


7479 


10 


55 


7010 


8258 


9392 


5408 


421300 


7063 


2694 


8187 


8537 


8740 


5 


60 

Cos. 


8368 
69° 


4607 


390731 


6737 
66° 


2618 


8371 


3990 
63° 


9472 
62° 


4810 


500000 





68° 


67° 


66° 


61° 


60° 


Sine 



30° 

500000 


31° 

515038 


32° 

529919 


33° 


34° 


36° 

573576 


36° 

587785 


37° 

601815 


38° 

615661 


39° 


60 


544639 


559193 


629320 


5 


1259 


6284 


531152 


5858 


560398 


4767 


8961 


2976 


6807 


630450 


55 


10 


2517 


7529 


2384 


7076 


1602 


6957 


590136 


4136 


7951 


1578 


60 


15 


3774 


8773 


8615 


8298 


2805 


7145 


1310 


5294 


9094 


2706 


45 


20 


5030 


520016 


4844 


9509 


4007 


8332 


2482 


6451 


620235 


8831 


40 


25 


6285 


1258 


6072 


550724 


5207 


9518 


8653 


7607 


1876 


4956 


35 


30 


7538 


2499 


7300 


1937 


6406 


580703 


4823 


8761 


2515 


6078 


ao 


35 


8791 


8738 


8526 


8149 


7604 


1886 


5991 


9916 


8652 


7200 


25 


40 


510043 


4977 


9751 


4360 


8801 


8069 


7169 


611067 


4789 


8320 


20 


45 


1293 


6214 


540974 


5570 


9997 


4260 


8326 


2217 


6928 


9439 


15 


50 


2543 


7450 


2197 


6779 


571191 


6429 


9489 


8867 


7067 


640557 


10 


55 


3791 


8685 


8419 


7987 


2384 


6608 


600653 


4616 


8189 


1678 


5 


60 


5038 


9919 


4639 


9193 


8576 


7785 


1815 


6661 


9320 


2788 





/ 


59° 


58° 


57° 


66° 


66° 


54° 


53° 


52° 


51° 


50° 


/ 










N 


atural 


Cosine 


«. 


r^. 


x^^T^ 







NATUBAL 8IK1G8 AlfB COfitNlBS. 
Ifatural 81ne«. 
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/ 


40° 


41° 


42° 


43° 


44° 


45° 


46° 


47° 


48° 


49° 


/ 





642788 


656059 


669181 


681998 


694658 


707107 


719340 


731354 


743145 


754710 


60 


5 


3901 


7156 


670211 


8061 


6704 


8134 


?20349 


2345 


4117 


56(» 


55 


10 


5013 


8252 


1289 


4123 


6748 


9161 


1357 


8384 


6068 


6615 


50 


]5 


6124 


9346 


2367 


6183 


7790 


710185 


2364 


4323 


6057 


7565 


45 


20 


7233 


660439 


3443 


6242 


8832 


1209 


8369 


6809 


7025 


8514 


40 


25 


8341 


1530 


4517 


7299 


9871 


2230 


4372 


6294 


7991 


9461 


35 


30 


9448 


2620 


5590 


8855 


700909 


8250 


6374 


7277 


8956 


760406 


30 


35 


650553 


3709 


6662 


9409 


1946 


4269 


6375 


8259 


9919 


1350 


25 


40 


1657 


4796 


7732 


690462 


2981 


6286 


7374 


9239 


750880 


2292 


20 


45 


2760 


5882 


8801 


1513 


4015 


6302 


8371 


740218 


1840 


3282 


15 


50 


3861 


6966 


9868 


2563 


6047 


7316 


9367 


1195 


2798 


4171 


10 


55 


4961 


8049 


680934 


8611 


6078 


8329 


780361 


2171 


3755 


5109 


5 


60 
Cob. 


6059 


9131 


1998 
47° 


4658 


7107 


9340 


1364 


8145 


4710 


6014 
40° 





49° 


48° 


46° 


45° 


44° 


43° 


42° 


41° 






Sine 


50° 


51° 


52° 


53° 


54° 


55° 


56° 


57° 1 58° 


59° 







766044 


777146 


788011 


798636 


809017 


819152 


829038 


838671 848048 


857167 


60 


5 


6979 


8060 


8905 


9510 


9871 


9985 


9850 


9462 


8818 


7915 


55 


10 
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8-36 


46-21 


8-67 


46-18 


8-77 


47 


48 


47-27 


8-34 


47-23 


8-54 


47-20 


8-75 


47-16 


8-95 


48 


49 


48-26 


8-51 


48-22 


8-72 


48-18 


8-93 


48-14 


9-14 


49 


50 

s 


49-24 


8-68 


49-20 


8-90 


49-16 


9-11 


49-12 


9-83 


50 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


] 


80DEG. 


79^ Deg. 


79^^ Dbg. 


7914 Deo. 
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s 


10 Dbg. 


IOI4 Deg. 


10^ Dbg. 


, 10\ Deg. 


f 


Lai. 


Dep. 


Lat. 


Dep. 


Lac 


Dep. 


Lat. 


Dep. 


61 


50-28 


8-86 


1 50-19 


9i)8 


6015 


9-29 


50-10 


9-61 


51 


52 


51-21 


903 


51-17 


9-25 


51-13 


9-48 


61-09 


9-70 


52 


58 


5219 


9-20 


52-15 


9-43 


5211 


9-66 


62-07 


9-89 


58 


54 


5818 


9-38 


53-14 


9-61 


53-10 


9-84 


63-06 


10-07 


56 


55 


5416 


9-55 


54-12 


9-79 


51-08 


10-02 


64-03 


10-26 


64 


56 


55-15 


9-72 


55-11 


9-96 


55-06 


10-21 


55-02 


10-46 


56 


57 


5613 


9-90 


56-09 


10-14 


56-06 


10-39 


86-00 


10-68 


57 


58 


5712 


10-07 


57-07 


10-32 


57-03 


10-57 


56-98 


10-82 


58 


59 


5810 


10-25 


68-06 


10-50 


58-01 


10-75 


57-96 


11-00 


59 


60 


50*09 


10-42 


59-04 


10-68 


69-00 


10-98 


58-96 


U-19 


60 


61 


eo^ 


10-59 


60-08 


10-86 


59-98 


11-12 


59-93 


11-38 


61 


62 


61-06 


10-T7 


61-01 


1108 


60-96 


11-30 


60-91 


11-56 


62 


68 


6204 


10-94 


61-99 


11-21 


61-96 


11-48 


61-89 


11-75 


63 


64 


68-08 


Ull 


63^ 


11-39 


62-93 


11-66 


62-88 


11-94 


64 


65 


6401 


11-29 


11-67 


63-91 


11-85 


63-86 


1212 


65 


66 


6600 


11-46 


64-95 


11-74 


64-89 


12-03 


64-84 


12-31 


66 


67 


66-98 


11-68 


66-98 


11-92 


66-88 


12-21 


65-82 


12-50 


67 


68 


66-97 


11-81 


66-91 


1210 


66-86 


12-39 


66-81 


12-68 


68 


69 


67-96 


11-98 


67-90 


12-28 


67-84 


12-57 


67-79 


12-87 


69 


70 


68-94 


1216 


68-88 


12-46 


68-83 


12-76 


68-77 


1806 


70 


71 


69-92 


12-38 


69-87 


12-63 


69-81 


12-94 


69-78 


13-24 


71 


72 


70-91 


12-50 


70-86 


12-81 


70-79 


13-12 


70-74 


13-43 


72 


73 


71-89 


12-68 


71-88 


12-99 


71-78 


13-30 


71-72 


13 62 


73 


74 


72-88 


12-86 


72-82 


13-17 


72-76 


13-49 ! 


72-70 


13-80 


74 


75 


78-86 


18-02 


78-80 


13-36 


73-74 


13-67 ' 


73-68 


13-99 


75 


76 


74-85 


18-20 


74-79 


13-52 


74-73 


13-86 


74-67 


14-18 


76 


77 


75-88 


18-87 


76-77 


13-70 


75-71 


14-08 


75-66 


14-36 


77 


78 


76-82 


13-54 


76-76 


18-88 


76-69 


14-21 


76-68 


14-56 


78 


79 


77-80 


18-72 


77-74 • 


14-06 


77-68 


14-40 


77-61 


14-74 


79 


80 


78-78 


13-89 


78-72 


14-24 


78-66 


14-76 


78-60 


14-92 


80 


81 


7977 


14-07 


79-71 


14-41 


79-64 


79-68 


1611 


81 


82 


80-75 


14-24 


80-69 


14-59 


80-68 


14-94 1 
1513 


80-56 


15-29 


82 


88 


81-74 


14-41 


81-68 


14-77 


81-61 


81-54 


15-48 


83 


84 


82-72 


14-59 


82-66 


14-96 


82-59 


15-31 


82-53 


15-67 


84 


85 


83-71 


14-76 


83-64 


15-13 


83-58 


15-49 


83-51 


15-85 


85 


86 


84-69 


14-98 


84-63 


15-30 


84-56 


15-67 1 


84-49 


1604 


86 


87 


85-68 


1511 


86-61 


15-48 


85-54 


15-86 


85-47 


16-23 


87 


88 


86-66 


15-28 


86-60 


15-66 


86-53 


1604 


86-46 


16-41 


88 


89 


87-65 


15-45 


87-58 


15-84 


87-51 


16-22 


87-44 


16-60 


89 


90 


88-63 


15-68 


88-56 


16-01 


88-49 


16-40 


88-42 


16-79 


90 


91 


89-62 


15-80 


89-55 


16-19 


89-48 


16-58 


89-40 


16-97 


91 


92 


90-60 


15-98 


90-53 


16-87 


90-46 


16-77 , 


90-39 


17-16 


92 


93 


91-59 


16-15 


91-52 


16-56 


91-44 


16-95 


91-87 


17-35 


93 


94 


92-57 


16-82 


92-60 


16-78 


92-43 


17-13 


92-36 


17-53 


94 


95 


93-56 


16-50 


98-48 


16-90 


93-41 


17-31 


93-33 


17-72 


95 


96 


94-54 


16-67 


94-47 


17-08 


94-39 


17-49 


94-32 


17-91 


96 


97 


95-53 


16-84 


95-46 


17-26 


95-88 


17-68 


95-30 


18-09 


97 


98 


96-51 


17-02 


96-44 


17-44 


96-86 


17-86 


96-28 


18-28 


98 


99 


97-50 


1719 


97-42 


17-62 


97-84 


18-04 


97-26 


18-47 


99 


100 


98-48 


17-86 


98-40 


17-79 


98-83 


18-22 


98-25 


18-65 


100 


t 


Dep. 


Lftt. 


Dep. 


Lat. 


Dep. 


Lat. 1 


Dep. 


Lat. 


T 


80 DBG. 


79^ 


Dbg. 


791^ 


Deg. 


7914 


Dbg. 
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1 


11 Deg. 


1114 Deg. 


113^ Deg. 


11^ Deg. 


f 


L«t. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


0-98 


0-19- 


0-98 


0-20 


0-98 


0-20 


0-98 


0-20 


1 


2 


1-96 


0-88 


1-96 


0-39 


1-96 


0-40 


1-96 


0-41 


2 


8 


2-94 


0-57 


2-94 


0-59 


2-94 


0-60 


2-94 


0-61 


3 


4 


3-93 


0-76 


3-92 


0-78 


8-92 


0-80 


8-92 


0-82 


4 


5 


4-91 


0-95 


4-90 


0-98 


4-90 


1-00 


4-90 


1-02 


5 


6 


5-89 


114 


5-88 


1-17 


5-88 


1-20 


5-87 


1-22 


6 


7 


6-87 


1-34 ■ 


6-87 


1-37 


6-^ 


1-40 


6-85 


1-48 


7 


8 


7-86 


1-58 


7-85 


1-56 


7-84 


1-59 


7-88 


1-68 


8 


9 


8-83 


1-72 


8-88 


1-70 


8-82 


1-79 


8-81 


1-88 


9 


10 


9-82 


1-91 


9-81 


1-95 


9-80 


1-99 


9-79 


2-04 


10 


11 


10-80 


2-10 


10-79 


2-15 


10-78 


2-19 


10-77 


2-24 


11 


12 


11-78 


2-29 


11-77 


2-34 


11-76 


2-89 


11-75 


2-44 


12 


13 


12-76 


2-48 


12-75 


2-54 


12-74 


2-59 


12-73 


2-65 


18 


14 


13-74 


2-67 


13-73 


2-73 


13-72 


il 


13-71 


2-85 


U 


15 


14-72 


2-86 


14-71 


2-93 


14-70 


14-69 


8-06 


15 


16 


15-71 


3-05 


15-69 


812 


15-68 


3-19 


15-66 


8-26 


16 


17 


16-69 


8-24 


16-67 


8-82 


16-66 


8-39 


16-64 


8-46 


17 


18 


17-67 


3-43 


17-65 


8-51 


17-64 


3'59 


17-62 


8*66 


18 


19 


18-65 


3-63 


18-63 


3-71 


18-62 


3-79 


18-60 


8-87 


19 


20 


19-63 


3-82 


19-62 


3-90 


19-60 


3-99 


19-58 


407 


20 


21 


20-61 


1-01 


20-60 


4-10 


20-58 


419 


20-56 


4-28 


21 


22 


21-60 


4-20 


21-58 


4-29 


21-56 


4-39 


21-54 


4-48 


22 


23 


22-58 


4-39 


22-56 


4-49 


22-54 


4-59 


22-52 


4-68 


23 


24 


23-56 


4-58 


23-54 


4-68 


28-52 


4-78 


28-50 


4-89 


24 


25 


24-54 


4-77 


24-52 


4-88 


24-50 


4-98 


24-48 


509 


25 


26 


25-52 


4-96 


25-50 


5-07 


25-48 


5-18 


25-46 


5-80 


26 


27 


26-50 


5-15 


26-48 


5-27 


26-46 


5-38 


26-43 


5-60 


27 


28 


27-49 


5-34 


27-46 


5-46 


27-44 


5-58 


27-41 


5-70 


28 


29 


28-47 


5-58 


28-44 


5-66 


28-42 


• 6-78 


28-89 


5-91 


29 


30 


29-45 


5-72 


29-42 


6-86 


29-40 


6-98 


29-87 


6-U 


30 


31 


30-43 


5-92 


30-40 


6-05 


30-38 


6-18 


30-35 


6-31 


31 


32 


31-41 


611 


81-39 


6-24 


31-36 


6-38 


31-38 


6-52 


82 


33 


32-39 


6-30 


82-37 


6-44 


32-34 


6-58 


32-81 


6-72 


33 


34 


33-38 


6-49 


83-35 


6-63 


38-32 


6-78 


88-29 


6-92 


34 


35 


34-36 


6-68 


84-88 


6-83 


34-30 


6-98 


34-27 


713 


35 


36 


85-34 


6-87 


85-31 


7-02 


35-28 


7-18 


85-25 


7-83 


36 


37 


36-32 


7-06 


86-29 


7-22 


86-26 


7-88 


86-22 


7-53 


87 


38 


37-30 


7-25 


87-27 


7-41 


87-24 


7-68 


87-20 


7-74 


38 


39 


38-28 


7-44 


88-25 


7-61 


38-22 


7-78 


88-18 


7-94 


89 


40 


39-27 


7-68 


89-23 


7-80 


89-20 


7-97 


8916 


815 


40 


41 


40-25 


7-82 


40-21 


8-00 


40-18 


8-17 


40-14 


8-35 


41 


42 


41-23 


8-01 


41-19 


819 


41-16 


8-37 


4112 


8-56 


42 


43 


42-21 


8-20 


42-17 


8-39 


42-14 


8-57 


42-10 


8-76 


43 


44 


4319 


8-40 


4315 


8-58 


48-12 


8-77 


48-08 


8-96 


44 


45 


4417 


8-59 


4414 


8-78 


44-10 


8-97 


44-06 


9-16 


45 


46 


45-15 


8-78 


45-12 


8-97 


45-08 


9-17 


45-04 


9-87 


46 


47 


46-14 


8-97 


46-10 


9-17 


4606 


9-37 


4602 


9-57 


47 


48 


47-12 


9-16 


47-08 


9-86 


4704 


9-57 


46-99 . 


9-78 


48 


49 


48-10 


9-35 


48-06 


9-56 


48-02 


9-77 


47-97 


9-98 


49 


50 


49-08 


9-54 


49-04 


9-75 


49-00 


9-97 


48-95 


10-18 


50 


1 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


] 


79 ] 


Deg. 


7B% Deg. 


78^ Deg. 
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1 

5 

8 


11 Deg. 


III4 Deg. 


1 11^ Dm. 


1 11\ DSQ. 


I 


L«t. 


Dep. 


L«t. 


Dep. 


Lat. 


Dep. 


Lai. 


Dep. 


51 


6006 


9-78 


5002 


9-95 


49-98 


10-17 


49-93 


10-89 


61 


52 


6104 


9-92 


51-00 


1014 


50-96 


10*87 


60-91 


10*59 


52 


53 


6203 


10-11 


61-98 


10-34 


51-94 


10-57 


61-89 


10*79 


68 


54 


5301 


10-30 


52-96 


10-53 


52-92 


10-T7 


52-87 


11*00 


64 


55 


53-99 


10-49 


58-94 


10-78 


58-90 


10-97 


53-86 


11-20 


65 


56 


64-97 


10-69 


M-92 


10-93 


.54-88 


1116 


64-88 


11-40 


66 


67 


55-95 


10-88 


55-90 


1112 


55-86 


11-36 


66-81 


11-61 


57 


58 


56-98 


11-07 


56-89 


11-32 


56-84 


11-56 


56-78 


11-81 


68 


59 


57-92 


11-26 


57-87 


11-51 


57-82 


11-76 


57-76 


12H)1 


69 


60 


58-90 


11-45 


68-85 


U-71 


58-80 


11-96 


68-74 


12-22 


60 


61 


59-88 


11-64 


59 83 


11-90 


59-78 


12-16 


69-72 


12*42 


61 


62 


60-86 


U-83 


60-81 


12-10 


60-76 


12-36 


60-70 


12-68 


62 


63 


61-84 


12-02 


61-79 


12-29 


61-74 


12-56 


61-68 


12-83 


68 


64 


62-82 


12-21 


62-77 


12-49 


62-72 


12-76 


62-66 


1808 


64 


65 


63-81 


12-40 


63-75 


12-68 


63-70 


12-96 


68-64 


18-24 


65 


66 


^-79 


12-59 


64-73 


12-88 


64-68 


1816 


64-62 


13-44 


66 


67 


65-77 


12-78 


65-71 


1807 


65-66 


18-86 


65-60 


18-64 


67 


68 


66-75 


12-98 


66-69 


18-27 


66-63 


13-56 


66-68 


18-85 


68 


69 


67-78 


1317 


67-67 


18-46 


67-61 


18-76 


67-66 


14-05 


69 


70 


68-71 


13-86 


68-66 


13-66 


68-59 


18-96 


68-58 


14-25 


70 


71 


69-70 


13-65 


69-64 


13-85 


69-57 


14-16 


69-51 


14-46 


71 


72 


70-68 


13-74 


70-62 


14-06 


70-56 


14-35 


70-49 


14-66 


72 


73 


71-66 


13-93 


71-60 


14-24 


71-58 


14-56 


71-47 


14-87 


73 


74 


72-64 


14-12 


72-58 


14-44 


72-51 


14-75 


72-45 


15-07 


74 


75 


78-62 


14-31 


78 56 


14-63 


73-49 


14-95 


78-43 


15-27 


75 


76 


74-60 


14-50 


74-54 


14-83 


74-47 


1515 


74-41 


15-48 


76 


T7 


75-59 


1469 


75-52 


1502 


75-45 


16-35 


76-39 


15-68 


77 


78 


76-57 


14-88 


76-50 


15-22 


•76-43 


15-55 


76-37 


15-88 


78 


79 


77-55 


1507 


77-48 


15-41 


77-41 


15-75 


77-34 


1609 


79 


80 


78-53 


15-26 


78-46 


15-61 


78-39 


15-95 


78-32 


16-29 


80 


81 


79-51 


15-46 


79-44 


15-80 


79-37 


1616 


79-30 


16-49 


81 


82 


80-49 


15-65 


80-42 


1600 


80-35 


16-35 


80-28 


16-70 


82 


83 


81-48 


15-84 


81-41 


1619 


81-33 


16-55 


81-26 


16-90 


83 


84 


82-46 


16-08 


82-39 


16-39 


82-31 


16-75 


82-24 


1711 


84 


85 


83-44 


16-22 


83-87 


16-58 


83-29 


16-95 


83-22 


17-31 


85 


86 


84-42 


16-41 


84-35 


16-78 


84-27 


17-15 


84-20 


17-51 


86 


57 


85-40 


16-60 


85-38 


16-97 


85-25 


17-35 


85-18 


17-72 


87 


88 


86-38 


16-79 


86-31 


1717 


86-23 


17-54 


86-16 


17-92 


88 


89 


87-36 


16-98 


87-29 


17-36 


87-21 


17-74 


87-14 


18-12 


89 


90 


88-35 


17-17 


88-27 


17-56 


8819 


17-94 


88-11 


18-33 


90 


91 


89-33 


17-86 
17-55 


89-26 


17-75 


89-17 


18-14 


89-09 


18-53 


91 


92 


90-31 


90-23 


17-95 


90-16 


18-34 


90'07 


18-74 


92 


93 


91-29 


17-76 


91-21 


18-14 


9113 


18-54 


9106 


18-94 


93 


94 


92-27 


17-94 


92-19 


18-34 


9211 


18-74 


9203 


1914 


94 


95 


93-25 


18-13 


9317 


18-53 


9809 


18-94 


9301 


19-35 


95 


96 


94-24 


18-32 


94-16 


18-73 


94-07 


1914 


93-99 


19-55 


96 


97 


95-22 


18-51 


9514 


18-92 


9505 


19-34 


94-97 


19-75 


97 


98 


96-20 


18-70 


96-12 


1912 


96-08 


19-54 


95-95 


19-96 


98 


99 


97-18 


18-89 


97-10 


19-31 


9701 


19-74 


96-93 


20-16 


99 


100 


9816 


19-08 


98-08 


19-51 


97-99 


19-94 


97-90 


20-36 


100 

i 

n 

5 


I 


Dep. 


l^t. 


Dep. 


L«t. 


Dep. 


Lat. 


Dep. 


Lat. 


79 Dbg. 


78% 


Dbg. 


78^^ Deg. 


78^4 Deg. 
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f 


18 Dbg. 

1 


1214 


Dbg. 


IX^ Deo. 


1 12% I>BG. 


s 


Lat. 


Dep. 


Lai. 


Dep. 


Lat. 


Dep. 


Lat. ' 


Dep. 


1 


0-96 


0-21 


0-98 


0-21 


0-98 


0-22 


0-98 


0-22 


1 


2 


1-96 


0-42 


1-95 


0-42 


1-95 


0-48 


1-95 


0*44 


2 


3 


2-93 


0-62 


2-93 


0-64 


2-93 


0-65 


2-93 


0-66 


8 


4 


3-91 


0-88 


3-91 


0-85 


8-91 


0-87 


8-90 


0-88 


4 


5 


4-89 


1-04 


4-89 


1-06 


4-88 


1-08 


4-88 


110 


5 


6 


5-87 


1-25 


5-86 


1-27. 


5-86 


1-30 


5-85 


1-32 


6 


7 


6-85 


1-46 


6-84 


1-49 


6-88 
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31-88 


8-54 


81-84 


8-68 


31-80 


8-82 


81-76 


8-96 


83 


34 


32-84 


8-80 


32-80 


8-94 


32-76 


9-09 


82-72 


9-28 


84 


35 


33-81 


9-06 


33-77 


9-21 


33-73 


9-85 


83-69 


9-60 


86 


36 


34-77 


9-32 


34-73 


9-47 


84-69 


9-62 


84-65 


9-77 


36 


37 


36-74 


9-58 


35-70 


9-78 


86-65 


9-89 


86-61 


1004 


37 


88 


36-71 


9-84 


86-66 


10-00 


36-62 


10-16 


86-57 


10-31 


88 


39 


37-67 


10-09 


37-63 


10-26 


87-58 


10-42 


87-54 


10-69 


89 


40 


38-64 


10-35 


38-59 


10-52 


88-55 


10-69 


88-60 


10-86 


40 


41 


39-60 


10-61 


89-56 


10-78 


39-51 


10-96 


89-46 


U18 


41 


42 


40-57 


10-87 


40-52 


11-06 


40-47 


11-22 


40*42 


11*40 


42 


43 


41-53 


1113 


41-49 


11-31 


41-44 


11-49 


41-89 


11-67 


43 


44 


42-50 


11-39 


42-45 


11-67 


42-40 


11-76 


42-36 


11-94 


44 


45 


43-47 


11-65 


43-42 


11-84 


43-36 


12-08 


43-81 


12*21 


46 


46 


44-43 


11-91 


44-38 


12-10 


44-33 


12-29 


44-27 


12-49 


46 


47 


45-40 


12-16 


45-35 


12-86 


45-29 


12-56 


45-24 


12*76 


47 


48 


46-36 


12-42 


46-31 


12-68 


46-26 


12-83 


46-20 


18*08 


48 


49 


47-83 


12-68 


47-27 


12-89 


47-22 


1809 


4716 


18*80 


49 


50 

i 


48-80 


12-94 


48-24 


1315 


48-18 


13-36 


48-12 


18*67 


50 


Pep. 


ht. 


Dep. 


u«. 


Dep. 


U%. 


Dep. 


LM. 


T 


W I 


>BG. 


74% DTO. 1 


743^ Deg. 


74% D«Q. 
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g 


15 Dbq. 


1514 


Dbg. 


15^ DBG. 


16% DBG. 


f 


Lat. 


Dep. 


^- 


B*^ 


I4U. 


Dep. 


Lat. 


Dep. 


61 


49^26 


13-20 


49*20 


13-41 


49-15 


13-63 


49*09 


13*84 


61 


52 


50-28 


13-46 


50-17 


13-68 


60-11 


13-90 


50-05 


14-11 


52 


53 


6119 


13-72 


61-13 


13-94 


51-07 


14-16 


51-01 


14-39 


53 


M 


52-16 


13-98 


52-10 


14-20 


52-04 


14-43 


51-97 


14-66 


54 


55 


53-13 


14-24 


53-06 


14-47 


5300 


14-70 


52-94 


14-93 


55 


56 


54-09 


14-49 


6403 


14-73 


63-96 


14-97 


53-90 


15-20 


56 


57 


56-06 


14-75 


54-99 


14-99 


54-93 


15-23 


54-86 


15-47 


57 


58 


66-02 


1501 


55-96 


15-26 


55-89 


15-50 


55-82 


15-74 


58 


59 


66-99 


15-27 


56-92 


15-52 


56-85 


15-77 


56-78 


16-01 


59 


60 


67-96 


15-53 


57-89 


15-78 


67-82 


16-03 


57-75 


16-29 


60 


61 


58-92 


15-79 


68-85 


16-04 


68-78 


16-30 


58*71 


16-56 


61 


62 


69-89 


16-05 


59-82 


16-31 


69-76 


16-57 


59-67 


16-83 


62 


63 


60-85 


16-31 


60-78 


16-57 


60-71 


16-83 


60-63 


17-10 


63 


U 


61-82 


16-56 
16-82 


61-75 


16-83 


61-67 


17-10 


61-60 


17-37 


64 


65 


62-79 


62-71 


17-10 


62-64 


17-87 


62-56 


17-64 


65 


66 


63-75 


17-08 


63-68 


17-36 


63-60 


17-64 


63-52 


17-92 


66 


67 


64-72 


17-34 


64-64 


17-62 


64-56 


17-90 


ft4-48 


18-19 


67 


68 


65-68 


17-60 


65-61 


17-89 


65-53 


18-17 


65-45 


18-46 


68 


69 


66-65 


17-86 


66-57 


1815 


66-49 


18-44 


66-41 


18-73 


69 


70 


67-61 


1812 


67-54 


18-41 


67-45 


18-71 


67-87 


19-00 


70 


71 


68-58 


18-38 


68-50 


18-68 


68-42 


18-97 


68-33 


19*27 


71 


72 


69-55 


18-63 


69-46 


18-94 


69-38 


19-24 


69-30 


19-54 


72 


73 


70-51 


18-89 


70-43 


19*20 


70-35 


19-51 


70-26 


19-82 


73 


74 


71-48 


19-15 


71-39 


19-46 


71-81 


19-78 


71-22 


20-09 


74 


75 


72-44 


19-41 


72-36 


19-73 


72-27 


20-04 


72-18 


20-86 


75 


76 


73-41 


19-67 


78-32 


19-99 


73-24 


20-31 


7315 


20-63 


76 


77 


74-38 


19-93 


74-29 


20-25 


74-20 


20-58 


74-11 


20-90 


77 


78 


75-34 


20-19 


75-25 


20-52 


7516 


20-84 


75-07 


2117 


78 


79 


76-31 


20-45 


76-22 


20-78 


76-13 


2111 


76-03 


21-44 


79 


80 


77-27 


20-71 


77-18 


21-04 


77-09 


21-38 


77-00 


21-72 


80 


81 


78-24 


20-96 


7815 


21-81 


78-05 


21*65 


77-96 


21*99 


81 


82 


79-21 


21-22 


79-11 


21-57 


79-02 


21*91 


78-92 


22-26 


82 


83 


80-17 


21-48 


8008 


21-88 


79-98 


22-18 


79-88 


22-53 


88 


84 


8114 


21-74 


8104 


2209 


80-94 


22-46 


80-85 


22-80 


84 


85 


8210 


22-00 


8201 


22-36 


81-91 


22-72 


81-81 


23-07 


85 


86 


8807 


22-26 


82-97 


22-62 


82-87 


22-98 


82-77 


23-34 


86 


87 


8404 


22-52 


83-94 


22-88 


83-84 


23-25 


83-73 


23-62 


87 


88 


85-00 


22-78 


84-90 


2315 


84-80 


23-52 


84-70 


23-89 


88 


89 


85-97 


23-03 


85-87 


23-41 


85-76 


23-78 


85-66 


24-16 


89 


90 


86-93 


23-^ 


86-83 


23-67 


86-73 


24-05 


86-62 


24-48 


90 


91 


87-90 


28-55 


87-80 


23-94 


87-69 


24-32 


87-58 


24*70 


91 


92 


88-87 


23-81 


88-76 


24-20 


88-65 


24-69 


88-55 


24-97 


92 


93 


89-83 


24-07 


89-78 


24-46 


89-62 


24-85 


89-51 


25-24 


93 


91 


90-80 


24-33 


90-69 


24-72 


90-58 


2512 


90-47 


25-52 


94 


95 


91-76 


24-69 


91-66 


24-99 


91-54 


26-39 


91-43 


26-79 


95 


96 


«-73 


24-86 


92-62 


25-26 


92-51 


26'65 


92-40 


26-06 


96 


97 


93-69 


2511 


98-58 


25-51 


93-47 


25-92 


93-36 


26-33 


97 


98 


94-66 


25-86 


94-55 


25-78 


W44 


26-19 


W32 


26-60 


98 


99 


95-63 


25-62 


95-51 


26-04 


96'40 


26-46 


95-28 


26-87 


99 


100 


96-59 


25-88 


96-48 


26-80 


96-36 


{W'T? 


96-25 


27-14 


100 


I 


D^). 


Lat, 


D6p. 


Lpt, 


Dep. 


Lat. 


Dep. 


Lat. 


I 


V 75 Deg. 


7*^ Deg. 


74fcJ^DEG. 


T4J4 


Dbg. 
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SBiLYEBSX TABLE. 



1 


16 Pro. 


16J/4 DBG. 


16^ ]>]!». 


16«^ DBG. 


1 


Lat. 


Dep. 


IaW 


Dn>. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-96 


0-28 


0-96 


0*28 


0*96 


0-28 


0*96 


0*29 


1 


2 


1-92 


0-55 


1-92 


0-66 


1-92 


0-67 


1-92 


0*58 


2 


3 


2-88 


0-83 


2-88 


0-84 


2-88 


0-86 


2*87 


0-86 


3 


4 


3-85 


1-10 


3-84 


112 


8-84 


114 


3*88 


1*15 


4 


5 


4-81 


1-38 


4-80 


1-40 


4-79 


1-42 


4:79 


1*44 


5 


6 


6-77 


1-65 


5-76 


1-68 


6-75 


1-70 


6*75 


1*73 


6 


7 


6-73 


1-93 


6-72 


1-96 


6-71 


1-99 


6*70 


2*02 


7 


8 


7-69 


2-21 


7-68 


2-24 


7-67 


2-27 


7-66 


2-81 


8 


9 


8-65 


2-48 


8-64 


2-52 


8-63 


2-66 


8-62 


2-60 


9 


10 


9-61 


2-76 


9-60 


2-80 


9-59 


2-84 


9-58 


2-88 


10 


11 


10-67 


8-08 


10-66 


306 


10*55 


812 


10*58 


8*17 


11 


12 


11-64 


8-81 


11-62 


3-36 


11-61 


8-41 


11*49 


3*46 


12 


13 


12-60 


3-68 


12-48 


3-64 


12-46 


8-69 


12-46 


3-76 


13 


14 


13-46 


3-86 


13-44 


3-92 


13-42 


3-98 


13-41 


4-03 


14 


16 


14-42 


418 


14-40 


4-20 


14-38 


4-26 


14-36 


4-32 


16 


16 


15-38 


4-41 


16-36 


4-48 


16-34 


4-54 


15-82 


4*61 


16 


17 


16-34 


4-69 


16-32 


4-76 


16-30 


4-b3 


16*28 


4*90 


17 


18 


17-30 


4-96 


17-28 


5-04 


17-26 


5-11 


17*24 


6-19 


18 


19 


18-26 


5-24 


18-24 


6-32 


18-22 


6-40 


18-19 


6-48 


19 


20 


19-23 


5-51 


19-20 


6-60 


19-18 


5-68 


1916 


6*76 


20 


21 


20-19 


5-79 


20-16 


6-88 


20-14 


5-96 


20*11 


6*05 


21 


22 


2115 


6-06 


21-12 


6-16 


21-09 


6-25 


21-07 


6-84 


22 


23 


2211 


6-34 


22-08 


6-44 


•22-05 


6-68 


22*02 


6-63 


23 


24 


2307 


6-62 


23-04 


6-72 


28-01 


6-82 


22*98 


6-92 


24 


25 


24-03 


6-89 


24-00 


7-00 


23-97 


710 


23-94 


7-20 


25 


26 


24-99 


717 


24-96 


7-28 


24-93 


7-88 


24*90 


7-49 


26 


27 


25-96 


7-44 


25-92 


7-56 


25-89 


7-67 


25-86 


7-78 


27 


28 


26-92 


7-72 


26-88 


7-84 


26-85 


7^ 


26-81 


8*07 


28 


29 


27-88 


7-99 


27-84 


8-11 


27-81 


8-24 


27-77 


8*36 


29 


30 


28-84 


8-27 


28-80 


8-39 


28-76 


8-52 


28-73 


8-65 


80 


31 


29-80 


8-54 


29-76 


8-67 


29-72 


8-80 


29*68 


8-93 


31 


32 


80-76 


8-82 


30-72 


8-96 


30-68 


9-09 


80*64 


9-22 


32 


33 


31-72 


9-10 


31-68 


9-23 


31-64 


9-87 


81-60 


9*51 


38 


34 


32-68 


9-37 


32-64 


9-61 


32-60 


9-66 


82-56 


9*80 


34 


35 


83-64 


9-65 


33-60 


9-79 


33-66 


9-94 


33-51 


1009 


85 


36 


34-61 


9-92 


34-56 


10-07 


34-52 


10-22 


34-47 


10-38 


36 


37 


35-57 


10-20 


35-62 


10-35 


35-48 


10-61 


35-43 


10-66 


37 


88 


36-53 


10-47 


36-48 


10-63 


36-44 


10-79 


36-39 


10-95 


38 


89 


37 49 


10-75 


37-44 


10-91 


37-39 


11-08 


87-35 


11-24 


89 


40 


88-46 


1103 


38-40 


U-19 


38-35 


11-86 


38-30 


11-58 


40 


41 


89-41 


11-80 


89-86 


11-47 


39-81 


11*64 


89-26 


U-82 


41 


42 


40-37 


11-68 


40-32 


11-76 


40-27 


11-98 


40-22 


1210 


42 


43 


41-83 


11-85 


41-28 


1203 


41-23 


12-21 


41-18 


12-39 


48 


44 


42-30 


12-13 


42-24 


12-31 


42-19 


12-50 


42-13 


12-68 


44 


45 


43-26 


12-40 


43-20 


12-59 


4315 


12-78 


43-09 


12-97 


45 


46 


44-22 


12-68 


44-16 


12-87 


4411 


1306 


44-05 


13-26 


46 


47 


4518 


12-95 


4512 


1316 


45-06 


13-35 


45-01 


13-66 


47 


48 


46-14 


13-23 


46-08 


13-48 


4602 


13-63 


46-96 . 


13-83 


48 


49 


4710 


13-51 


47-04 


13-71 


46-98 


13-92 


46-92 


14-12 - 


49 


60 


48-06 


13-78 


48-00 


13-99 


47-94 


14-20 


47-88 


14-41 


50 




Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


74DEG. 


78^ Deg. 


78^ Deg. 


7314 Dbg. 
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1 


16 DEO. 


WI4 DBG. 


l^y» DSG. 


16*^ Dbo. 


1 


Lat. 


Dep. 


Lat. 


Dep. 


L«t. 


Dep. 


^ 


Dep. 


51 


49-02 


14-06 


48-96 


14-27 


48-90 


14-48 


48-84 


14-70 


61 


62 


49-99 


14-83 


49-92 


14-65 


49-86 


14-77 


49-79 


14-99 


52 


53 


50*96 


14-61 


50-88 


14-88 


50-82 


15-05 


60-75 


15-27 


58 


54 


61-91 


14-88 


51-84 


1511 


51-78 


15-34 


51-71 


15-56 


54 


55 


62-87 


15-16 


52-80 


15-39 


52-74 


16-62 


52-67 


15-85 


55 


56 


68-83 


15-44 


53-76 


15-67 


53-69 


15-90 


53*62 


16-14 


56 


57 


54-79 


15-71 


54-72 


15-95 


54-65 


16-19 


54*58 


16-43 


57 


58 


56-75 


15-99 


55-68 


16-23 


55-61 


16-47 


55-54 


16-72 


58 


59 


56-71 


16-26 


56-64 


16-51 


56-57 


16-76 


56*50 


17-00 


59 


60 


57-68 


16-54 


57-60 


16-79 


57-58 


17-04 


57*46 


17-29 


60 


61 


58-64 


16-81 


68-66 


17-07 


68-49 


17-82 


68-41 


17-68 


61 


62 


69-60 


17-09 


69-52 


17-85 


59-45 


17-61 


69-37 


17-87 


62 


63 


60-56 


17-87 


60-48 


17*68 


60-41 


17*89 


60*33 


18-16 


63 


64 


61-52 


17-64 


61-44 


17*91 


61*36 


18*18 


61*28 


18-44 


64 


65 


62-48 


17-92 


62*40 


18-19 


62*32 


18*46 


62*24 


18-73 


65 


66 


68*44 


1819 


63-36 


18*47 


68*28 


18*74 


63*20 


1902 


66 


67 


64-40 


18-47 


64-32 


18-75 


64*24 


19*08 


6416 


19-31 


67 


68 


65-87 


18-74 


65-28 


19-03 


65*20 


19*31 


6511 


19-60 


68 


69 


66-88 


19-02 


06-24 


19-81 


66*16 


19*60 


6607 


19-89 


69 


70 


67-29 


19-29 


67-20 


19*59 


67*12 


19*88 


67 03 


20-17 


70 


71 


68-25 


19-67 


68-16 


. 19-87 


68-06 


20-17 


67-99 


20-46 


71 


72 


69-21 


19-86 


69-12 


20-16 


69-08 


20-46 


68-95 


20-75 


72 


78 


70-17 


20-12 


70-08 


20-43 


69-99 


20-78 


69*90 


21-04 


73 


74 


71-18 


20-40 


71-04 


20-71 


70-95 


21-02 


70*86 


21-33 


74 


75 


72-09 


20-67 


72-00 


20-99 


71-91 


21*30 


71-82 


21-61 


75 


76 


73-06 


20-95 


72-96 


21-27 


72-87 


21*59 


72*78 


21-90 


76 


77 


74-02 


21-22 


78-92 


21-55 


73*83 


21*87 


73*73 


2219 


77 


78 


74-98 


21-50 


74-88 


21-83 


74-79 


2215 


74*69 


22-48 


78 


79 


75-94 


21-78 


75-84 


22-11 


75*75 


22*44 


76-65 


22-77 


79 


80 


76-90 


22-06 


76-80 


22-39 


76*71 


22*72 


76-61 


28-06 


80 


81 


77-86 


22-88 


77-76 


22-67 


77-66 


28*01 


77-66 


28-84 


81 


82 


78-82 


22-60 


78-72 


22-96 


78*62 


23-29 


78-52 


28-68 


82 


83 


79-78 


22-88 


79-68 


23-23 


79-58 


23-57 


79-48 


23-92 


83 


84 


80-75 


2815 


80-64 


23*51 


80-54 


28*86 


80-44 


24-21 


84 


85 


81-71 


23-48 


81-60 


23-79 


81-50 


2414 


81-39 


24-50 


85 


86 


82-67 


23-70 


82-56 


24-07 


82-46 


24-48 


82-35 


24-78 


86 


87 


88-63 


28-98 


83-52 


24-86 


83-42 


24-71 


83-31 


25-07 


87 


88 


84-59 


24-26 


84-48 


24-62 


84*88 


24-99 


84-27 


25-36 


88 


89 


85-55 


24-58 


85-44 


24*90 


85-88 


25-28 


85-22 


25-66 


89 


90 


86-51 


24-81 


86-40 


25-18 


86-29 


26-66 


8618 


26-94 


90 


91 


87-47 


26-08 


87-86 


25-46 


87-26 


26-86 


87-14 


26*28 


91 


S 


88-44 


26-86 


88-82 


25-74 


88-21 


2613 


88-10 


26-61 


92 


98 


89-40 


26-68 


89-28 


26-02 


89-17 


26-41 


8905 


26-80 


98 


94 


90-86 


26-91 


90-24 


26-30 


90-13 


26-70 


90-01 


2709 


94 


95 


91-82 


26-19 


91-20 


26-58 


91-09 


26-98 


90-97 


27-38 


95 


96 


92-28 


26-46 


92-16 
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40-35 


17-54 


40-27 


17-72 


44 


45 


41-42 


17-6^ 


41-35 


17-76 


41-27 


17-94 


41-19 


18*12 


45 


46 


42-34 


17-97 


42-26 


18-16 


4218 


18-34 


42*10 


18*53 


46 


47 


43-26 


18-36 


4318 


18-55 


43-10 


18-74 


4802 


18*98 


47 


48 


44-18 


18-76 


4419 


18-95 


44-02 


19-14 


43-98 


. 19*83 


48 


49 


4510 


19-15 


4502 


19-34 


44-94 


19-54 


44-85 


19*73 


49 


50 


46-03 


19-54 


45-94 


19-74 


45-86 


19-94 


45-77 


20*14 


60 


D«p. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


s 


67 Dbo. 1 


66"^ Deo. | 


66^ Dbg. 


60^ Dbg. 



dbyGoogk 
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1 


23 Deo. 


2314 


DEO. 


28^D]BG. 


2Z\ Deg. 


5 

% 


i^ 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


20-54 


1 


51 


46-95 


19-93 


^•86 


20-13 


46-77 


20-34 


46-68 


61 


52 


47-87 


20-32 


47-78 


20-58 


47-69 


20-73 


47-60 


20-94 


52 


53 


48-79 


20-71 


48-70 


20-92 


48-60 


2113 


48-51 


21-35 


53 


54 


49-71 


21-10 


49-61 


21-32 


49-52 


21-53 


49-43 


21-76 


55 


55 


50-63 


21'4Q 


60-58 


21-71 


60-44 


21-93 


60-34 


2215 


54 


56 


51-55 


21-88 


61-46 


22-11 


51-36 


22-33 


61-26 


22-55 


56 


57 


52-47 


22-27 


52-37 


22-50 


52-27 


22-78 


62-17 


22-96 


57 


58 


53-39 


22-66 


53-29 


22-90 


68-19 


23-13 


53-09 


23-36 


58 


59 


54-31 


2305 


54-21 


23-29 


5411 


23-53 


54-00 


23-76 


59 


60 


55-23 


23-44 


56-18 


28-68 


66-02 


2B-92 


64-92 


24-16 


60 


61 


5615 


23-83 


66-05 


24-06 


56*94 


24-32 


55-83 


24-57 


61 


62 


5707 


24-23 


66-97 


24-47 


56-86 


24-72 


66-76 


24-97 


65 


63 


57-99 


24-62 


57-88 


24-87 


57-77 


25-12 


57-66 


25-37 


63 


64 


58-91 


2501 


58-80 


25-26 


58-69 


25-52 


68-58 


25-78 


64 


65 


59-83 


25-40 


69-72 


25-66 


59-61 


26-92 


59-60 


26^18 


65 


66 


60-75 


25-79 


60-64 


26-05 


60-53 


26-32 


60-41 


26-58 


66 


67 


61-67 


2618 


61-56 


26-46 


61-44 


26-72 


61-33 


26-98 


67 


68 


62-59 


26-57 


62-48 


26-84 


62-36 


2711 


62-24 


27-39 


68 


69 


63-51 


26-96 


63-40 


27-24 


63-28 


27-51 


6316 


27-79 


69 


70 


64-44 


27-35 


64-32 


27-68 


. 64-19 


27-91 


64-07 


28-19 


70 


71 


66-36 


27-74 


65-23 


28-08 


66-11 


28-31 


64-99 


28-59 


71 


72 


66-28 


28-13 


66-16 


28-42 


6603 


28-71 


65-90 


29-00 


72 


73 


67-20 


28-52 


67-07 


28-82 


66-96 


2911 


66-82 


29-40 


73 


74 


6812 


28-91 


67-99 


29-21 


67-86 


29-51 


67-73 


29-80 


74 


75 


6904 


29-30 


68-91 


29-61 


68-78 


29-91 


68-65 


80-21 


75 


76 


69-96 


29-70 


69-83 


30-00 


69-70 


30-30 


69-56 


30-61 


76 


77 


70-88 


3009 


70-75 


30-40 


70-61 


80-70 


70-48 


31-01 


77 


78 


71-80 


30-48 


71-67 


30-79 


71-53 


31-10 


71-89 


31-41 


78 


79 


72-72 


30-87 


72-68 


31-18 


72-45 


31-50 


72-31 


31-82 


79 


80 


73-64 


31-26 


78-50 


31-58 


78-36 


31-90 


73-22 


32-22 


80 


81 


74-56 


31-65 


74-42 


31-97 


74-28 


32-30 


74-14 


32-62 


81 


82 


76-48 


82-04 


75-34 


32-37 


76-20 


32-70 


75-06 


3303 


82 


83 


76-40 


32-43 


76-26 


32-76 


76-12 


88-10 


75-97 


38-43 


83 


84 


77-32 


32*82 


77-18 


33-16 


77-08 


33-49 


76-89 


83-83 


84 


85 


78-24 


33-21 


78-10 


33-56 


77-95 


33-89 


77-80 


34-23 


85 


86 


79-16 


33-60 


79-02 


38-95 


78-87 


34-29 


78-72 


34-64 


86 


87 


80-08 


83-99 


79-93 


84-34 


79-78 


34-69 


79-68 


35-04 


87 


88 


81-00 


84-88 


80-86 


34-74 


80-70 


35-09 


80-55 


36-44 


88 


89 


81-92 


34-78 


81-77 


3513 


81-62 


35-49 


81-46 


35-84 


89 


90 


82-85 


3517 


82-69 


86-63 


82-54 


36-89 


82-38 


36-25 


90 


91 


83-77 


36-56 


83-61 


86-92 


83-46 


36-29 


83-29 


36-65 


91 


92 


84-69 


35-95 


84-53 


36-32 


84-37 


36-68 


84-21 


37-05 


92 


93 


85-61 


86-34 


85 46 


36-71 


85-29 


37-08 


85-12 


87-46 


93 


94 


86-53 


36-73 


86-37 


3711 


86-20 


37-48 


86-04 


37-86 


94 


95 


87-45 


37-12 


87-29 


37-50 


87-12 


37-88 


86-95 


38-26 


95 


% 


88-37 


37-51 


88-20 


37-90 


88-04 


38-28 


87-87 


38-66 


96 


97 


89-29 


37-90 


89-12 


38-29 


88-95 


38-68 


88-79 


89-07 


97 


98 


90-21 


38-29 


90-04 


38-68 


89-87 


3908 


89-70 


39-47 


98 


99 


9113 


•88-68 


90-96 


39-08 


90-79 


89-48 


90-62 


39-87 


99 


100 


92-05 


89-07 


91-88 


39-47 


91-71 


39-87 


91-53 


40-27 


100 


1 


Dep. 


L>t. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


67 Bbq. 


ee^DsG. 


663^ Deo. 


66I4 Dhg. 



dbyGoogk 



120a 



TRAVSttSfi TA6LS. 



f 


a4DEG. 


24^ Deg. 


24A2 Dm. 1 


24% Deg. 


I 


Lst. 


Dep. 


Lab 


Dep, 


Lat. 


^.\ 


Lat. 


Dep. 


1 


0-91 


0-41 


0-91 


0-41 


0-91 


0-41 


0-91 


0-42 


1 


2 


1-83 


0-81 


1-82 


0-82 


1-82 


0-83 


1-82 


0-84 


2 


3 


2-74 


1-22 


2-74 


1-23 


2-73 


1-24 


2-72 


1-26 


3 


4 


8-65 


1-63 


3-65 


1-64 


8-64 


1-66 


8-68 


1-67 


4 


5 


4-57 


203 


4-66 


206 


4-55 


2-07 


4-54 


2-09 


6 


6 


6-48 


2-44 


6-47 


2-46 


6-46 


2-49 


6-46 


2-51 


6 


7 


6*39 


2-85 


6-38 


2-87 


6-87 


2-90 


6-36 


2-93 


7 


8 


7-31 


3-25 


7-29 


8-29 


7-28 


3-32 


7-27 


3-36 


8 


9 


8-22 


3-66 


8-21 


8-70 


8-19 


8-78 


8-17 


3-77 


9 


10 


914 


4-07 


9-12 


4-11 


9-10 


4-16 


9*08 


419 


10 


11 


10-06 


4-47 


10-03 


4-52 


10-01 


4-66 


9-99 


4-61 


11 


12 


10-96 


4-88 


10-94 


4*93 


10-92 


4*98 


10-90 


5-02 


12 


13 


11-88 


5-29 


11-86 


6-34 


11-88 


6*39 


11-81 


6-44 


13 


14 


12-79 


5*69 


12-76 


6-76 


12-74 


6*81 


12-71 


5-86 


14 


15 


13-70 


610 


13-68 


6-16 


13-66 


6*22 


13-62 


6-28 


15 


16 


14-62 


6-51 


14-59 


6-67 


14-56 


6*64 


14-53 


6-70 


16 


17 


15-58 


6-92 


15-50 


6-98 


15-47 


7-06 


15-44 


7*12 


17 


18 


16-44 


7-32 


16-41 


7-39 


16-88 


7-46 


16-35 


7-54 


18 


19 


17-36 


7-73 


17-32 


7-80 


17-29 


7-88 


17-25 


7-95 


19 


20 


18-27 


8-13 


18-24 


8-21 


18-20 


8-29 


18-16 


8-37 


•20 


21 


19-18 


8-54 


19-16 


8-68 


19-11 


8-71 


19-07 


8-79 


21 


22 


20-10 


8-95 


20-06 


n 


20*02 


9-12 


19-98 


9-21 


22 


23 


21-01 


9-35 


20-97 


20-93 


9-64 


20-89 


9-63 


23 


i 24 


21 -ga 


9-76 


21-88 


9-86 


21-84 


9-96 


21-80 


10*06 


24 


25 


22-84 


10-17 


22-79 


10*27 


22-76 


10-37 


22-70 


10*47 


26 


26 


23-76 


10-58 


23-71 


10-68 


23-66 


10-78 


23-61 


10-89 


26 


27 


24-67 


10-98 


24-62 


11-09 


24-57 


11-20 


24-52 


11-30 


27 


28 


25-58 


11-39 


26-53 


11-50 


25-48 


11-61 


26-43 


11-72 


28 


29 


26-49 


11-80 


26-44 


11-91 


26-39 


12*08 


26-34 


12-14 


29 


30 


27-41 


12-20 


27-35 


12-32 


27-80 


12-44 


27-24 


12-56 


30 


31 


28-32 


12-61 


28-26 


12-73 


28-21 


12-86 


28-16 


12*98 


31 


32 


29-23 


13-02 


29-18 


13-14 


29-12 


13-27 


29-06 


13*40 


32 


33 


30-15 


18-42 


30-09 


13-55 


30-03 


18-68 


29-97 


13*82 


33 


34 


3106 


13-88 


31-00 


13-96 


30-94 


1410 


30-88 


14*23 


34 


35 


31-97 


14-24 


31-91 


14-88 


31-86 


14:61 


31-78 


14-65 


36 


36 


32-8» 


14-64 


32-82 


14-79 


32-76 


14-93 


32-69 


15-07 


36 


37 


33-80 


15-05 


33-74 


15-20 


33-67 


16-34 


38-60 


15-49 


37 


38 


34-71 


16-46 


34-65 


15-61 


34-58 


16-76 


34*51 


16-91 


38 


39 


35-63 


16-86 


35-56 


16-02 


35-49 


16-17 


35-42 


16-33 


39 


40 


36-64 


16-27 


36-47 


16-43 


36-40 


16-59 


36-33 


16*75 


40 


41 


37-46 


16-68 


37-38 


16-84 


37-31 


17-00 


87-28 


17*16 


41 


42 


88-37 


17-08 


38-29 


17-25 


38-22 


17-42 


38*14 


17*58 


42 


43 


39-28 


17-49 


39-21 


17-66 


39-13 


17*83 


39*05 


18*00 


48 


44 


40^20 


17-90 


4012 


18-07 


40-04 


18-25 


39*96 


18-42 


44 


45 


41-11 


18-30 


4103 


18-48 


40-96 


18-66 


40-87 


18-84 


46 


46 


42-02 


18*71 


41-94 


18-89 


41-86 


1908 


41-77 


19-26 


46 


47 


42-94 


19-12 


42-85 


19-30 


42-77 


19-49 


42-68 


19-68 


47 


48 


48-86 


19-52 


43-76 


19-71 


43-68 


19-91 


43-60 


20-10 


48 


49 


44-76 


19-93 


44-68 


20-13 


44-59 


20-32 


44-50 


20-51 


49 


50 


46-68 


20-34 


45-69 


20-54 


46-50 


20-73 


46-41 


20-93 


50 


^ 


D«p. 


Likt. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


] 


66 Deg. 


65% Deo. 


653^ 


Deo. 


65%DEa 
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1 


24 DBO. 


2434 DfiG. 


243^ Deg. 


24% Deg. 


S 
51 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


46-59 


20-74 


46-60 


20-95 


46-41 


21-15 


46-32 


21-35 


SZ 


47-50 


21-15 


47-41 


21-36 


47-32 


21-56 


47-22 


21-77 


62 


53 


48-42 


21-56 


48-32 


21-77 


48-23 


21-98 


48-13 


22-19 


53 


54 


49-33 


21-96 


49-24 


22-18 


49-14 


22-39 


49-04 


22-61 


64 


55 


50-24 


22-37 


50.15 


22-59 


5006 


22-81 


49-96 


23-03 


66 


56 


51-16 


22-78 


51-06 


23-00 


50-96 


23-22 


50-86 


23-44 


66 


57 


5207 


23-18 


51-97 


23-41 


61-87 


23-64 


51-76 


23-86 


57 


58 


52-99 


23-59 


52-88 


23-82 


52-78 


24-06 


52-67 


24-28 


68 


59 


53-90 


24-00 


53-79 


24-23 


53-69 


24-47 


53-68 


24-70 


69 


60 


54-81 


24-40 


54-71 


24-64 


64-60 


24-88 


54-49 


2512 


60 


61 


55-73 


24-81 


55-62 


25-05 


65-51 


25-30 


55-40 


25-54 


61 


62 


56-64 


25-22 


56-53 


25-46 


56-42 


25-71 


66-30 


26-96 


62 


63 


57-55 


25-62 


57-44 


25-88 


57-33 


2613 


57-21 


26-38 


63 


64 


58-47 


26-03 


68-35 


26-29 


58-24 


26-54 


58-12 


26-79 


64 


65 


59-38 


26-44 


59-26 


26-70 


59-15 


26-96 


59-03 


27-21 


66 


66 


60-29 


26-84 


60-18 


2711 


60-06 


27-37 


59-94 


27-63 


66 


67 


61-21 


27-25 


61-09 


27-52 


60-97 


27-78 


60-85 


28-06 


67 


68 


6212 


27-66 


62-00 


27-93 


61-88 


28-20 


61-75 


28-47 


68 


69 


63-03 


28-06 


62-91 


28-34 


62-79 


28-61 


62-66 


28-89 


69 


70 


63-95 


28-47 


63-82 


28-76 


63-70 


29-03 


63-67 


29-31 


70 


71 


64-86 


28-88 


64-74 


2916 


64-61 


29*44 


64-48 


29-72 


71 


72 


65-78 


29-28 


65-65 


29-67 


66-62 


29-86 


66-39 


30-14 


72 


78 


66-69 


29-69 


66-56 


29-98 


66-43 


30-27 


66-29 


30-66 


78 


74 


67-60 


30-10 


67-47 


30-39 


67-34 


30-69 


67-20 


30-98 


74 


75 


68-52 


30-51 


68-38 


30-80 


68-26 


31-10 


68-11 


31-40 


76 


76 


69-43 


30-91 


69-29 


31-21 


6916 


31-62 


69-02 


31-82 


76 


77 


70-34 


31-32 


70-21 


31-63 


7007 


31-93 


69-93 


32-24 


77 


78 


71-26 


31-73 


71-12 


32-04 


70-98 


32i35 


70-84 


32-66 


78 


79 


72-17 


3213 


7203 


32-45 


71-89 


32-76 


71-74 


3307 


79 


80 


73-08 


32-64 


72-94 


32-86 


72-80 


33-18 


72-65 


33-49 


80 


81 


74-00 


32-95 


73-85 


33-27 


73-71 


33-59 


73-56 


33-91 


81 


82 


74-91 


83-35 


74-76 


33-68 


74-62 


3400 


74-47 


34-33 


82 


83 


75-82 > 


83-76 


75-68 


34-09 


75-63 


34-42 


75-38 


34-76 


83 


84 


76-74 


34-17 


76859 


34-60 


76-44 


34-83 


76-28 


36-17 


84 


85 


77-65 


34-67 


77-60 


34-91 


77-35 


35-25 


77-19 


35-59 


86 


86 


78-56 


84-98 


78-41 


35-32 


78-26 


35-66 


78-10 


36-00 


86 


87 


79-48 


36-39 


79-32 


35-73 


79-17 


36-08 


79-01 


36-42 


87 


88 


80-39 


35-79 


80-24 


3614 


80-08 


36-49 


79-92 


36-84 


88 


89 


81-31 


36-20 


81-16 


36-56 


80-99 


36-91 


80-82 


37-26 


89 


90 


82-22 


36-61 


82-06 


36-96 


81-90 


37-32 


81-73 


37-68 


90 


91 


83-13 


37-01 


82-97 


37-38 


82-81 


37-74 


82-64 


38-10 


91 


92 


84-05 


37-42 


83-88 


37-79 


83-72 


38-15 


83-55 


38-52 


92 


93 


84-96 


37-83 


84-79 


38-20 


84-63 


38-57 


84-46 


38-94 


93 


94 


85-87 


38-23 


85-71 


38-61 


85-54 


38-98 


85-37 


39-35 


94 


95 


86-79 


38-64 


86-62 


3902 


86-45 


39-40 


86-27 


39-77 


95 


96 


87-70 


39-05 


87-53 


39-43 


87-36 


39-81 


87-18 


40-19 


96 


97 


88-61 


39-45 


88-44 


39-84 


88.27 


40-23 


88-09 


40-61 


97 


98 


89-63 


39-86 


89-35 


40-25 


89-18 


40-64 


89-00 


41-03 


98 


99 


90-44 


40-27 


90-26 


40-66 


90-09 


41-05 


89-91 


41-45 


99 


100 


91-35 


40-67 


91-18 


41-07 


9100 


41-47 


90-81 


41-87 


100 


J 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


66'Deg. 


65% Peg. 


65^ Deg. 


65^4 DEG. 



dbyGoogk 
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TBAVEBSE TABLB. 



1 


25 Deg. 


25^ 


Deg. 


25^ DBG. 


25% Dbg. 


1 


L«t. 


Dep. 


Lat. 


Dep. I 


I>at. 


Dep. 


Lat. 


^ 


1 


0-91 


0-42 


0-90 


0-43 


0-90 


0-43 


0-90 


0-43 


1 


2 


1-81 


0-85 


1-81 


0-85 


1-81 


0-86 


1-80 


0-87 


2 


3 


2-72 


1-27 


2-71 


1-28 


2-71 


1-29 


2-70 


1-30 


3 


4 


3-63 


1-69 


3.62 


1-71 


3-61 


1-72 


360 


1-74 


4 


5 


4-53 


2-11 


4-52 


213 


4-51 


215 


4-50 


217 


5 


6 


5-44 


2-54 


6-43 


2-56 


5-42 


2-58 


5-40 


2-61 


6 


7 


6-34 


2-96 


6-33 


2-99 


6-32 


3.01 


6-30 


3-04 


7 


8 


7-25 


3-38 


7-24 


3-41 


7-22 


3-44 


7-21 


3-48 


8 


9 


816 


3-80 


814 


3-84 


8-12 


3-87 


811 


3-91 


9 


10 


9-06 


4-23 


9-04 


4-27 


9-03 


4-31 


9-01 


4-34 


10 


11 


9-97 


4-65 


9-95 


4-69 


9-93 


4-74 


9-91 


4-78 


11 


12 


10-88 


5-07 


10-85 


5-12 


10-83 


5-17 


10-81 


5-21 


12 


13 


11-78 


6-49 


11-76 


5-55 


11-73 


5-60 


11-71 


5-65 


13 


14 


12-69 


5-92 


12-66 


5-97 


12-64 


6-03 


12-61 


608 


14 


15 


13-59 


6-34 


13-57 


6-40 


18-54 


6-46 


13-51 


6-52 


15 


16 


14-50 


6-76 


14-47 


6-83 


14-44 


6-89 


14-41 


6-95 


16 


17 


15-41 


7-18 


15-38 


7-25 


15-34 


7-32 


15-31 


7-39 


17 


18 


16-31 


7-61 


16-28 


7-68 


16-25 


7-75 


16-21 


7-82 


18 


19 


17-22 


8-03 


1718 


8-10 


17-15 


8-18 


17-11 


8-25 


19 


20 


18-18 


8-45 


18-09 


8-53 


18-05 


8-61 


18-01 


8-69 


20 


21 


19-03 


8-87 


18-99 


8-96 


18-95 


9-04 


18-91 


9-12 


21 


22 


19-94 


9-30 


19-90 


9-38 


19-86 


9-47 


19-82 


9-56 


22 


23 


20-85 


9-72 


20-80 


9-81 


20-76 


9-90 


20-72 


9-99 


23 


24 


21-75 


1014 


21-71 


10-24 


21-66 


10-33 


21-62 


10-43 


24 


26 


22-66 


10-57 


22-61 


10-66 


22-56 


10-76 


22-52 


10-86 


25 


26 


23-56 


10-99 


23-52 


11-09 


23-47 


1119 


23-42 


11-30 


26 


27 


24-47 


11-41 


24-42 


11-52 


24-37 


11-62 


24-32 


11-73 


27 


28 


25-38 


11-83 


25-«2 


11-94 


25-27 


12-05 


25-22 


12-16 


28 


29 


26-28 


12-26 


26-23 


12-37 


26-17 


12-48 


26-12 


12-60 


29 


30 


27-19 


12-68 


27-13 


12-80 


27-08 


12-92 


27-02 


1303 


30 


31 


28-10 


13-10 


28-04 


13-22 


27-98 


13-35 


27-92 


13-47 


•31 


32 


29-00 


13-52 


28-94 


13-65 


28-88 


13-78 


28-82 


13-90 


32 


33 


29-91 


13-95 


29-85 


14-08 


29-79 


14-21 


29-72 


14-34 


83 


34 


30-81 


14-37 


30-75 


14-50 


30-69 


14-64 


30-62 


14-77 


34 


35 


31-72 


14-79 


31-66 


14-93 


31-59 


15-07 


31-52 


15-21 


35 


36 


32-63 


15-21 


32-56 


15-36 


32-49 


15-50 


32-43 


15-64 


36 


37 


33-53 


15-64 


33-46 


15-78 


33-40 


15-93 


33-33 


16-07 


37 


38 


34-44 


16-06 


34-37 


16-21 


34-30 


16-36 


34-23 


16-51 


38 


39 


35-35 


16-48 


35-27 


16-64 


35-20 


16-79 


35-13 


16-94 


39 


40 


36-25 


16-90 


36-18 


17-06 


36-10 


17-22 


36-03 


17-38 


40 


41 


37-16 


17-38 


37-08 


17-49 


37-01 


17-65 


36-93 


17-81 


41 


42 


38-06 


17-75 


37-99 


17-92 


37-91 


18-08 


37-83 


18-25 


42 


43 


38-97 


18-17 


38-89 


18-34 


38-81 


18-51 


38-73 


18-68 


43 


44 


39-88 


18-60 


39-80 


18-77 


39-71 


18-94 


39-63 


19-12 


44 


45 


40-78 


19-02 


40-70 


19-20 


40-62 


19-37 


40-53 


19-55 


45 


46 


41-69 


19-44 


41-60 


19-62 


41-52 


19-80 


41.43 


19-98 


46 


47 


42-60 


19-86 


42-51 


20-05 


42-42 


20-23 


42-33 


20-42 


47 


48 


43-50 


20-29 


43-41 


20-48 


43-32 


20-66 


43-23 


20-85 


48 


49 


44-41 


20-71 


44-32 


20-90 


44-23 


21-10 


44-13 


21-29 


49 


50 


45-32 


21-13 


45-22 


21-38 


45-13 


21-53 


45-03 


21-72 


50 


I 


Dep. 


L.t. 




Dep. 


Lat. 


Dep. 
64^ 


... 


Dep. 


Lat. 


] 


65 Deg. 


64% Deg. 

i 


Deg. 


6414 Dbg. 



dbyGoogk 



TRAVKBSS TABLl. 



128a 



51 


95 Dbg. 


25\ !>«». 


25^ DIG. 


25^ 


DSQ. 




L«t. 

46-22 


Dep. 


46-13 


Dep. 
21-75 


Lm. 
4603 


Dep. 


ut. 


Dep. 


21-55 


21-96 


45-94 


22-16 


51 


52 


4713 


21-98 


47-03 


22-18 


46-93 


22-39 


46-84 


22-59 


52 


53 


48-03 


22-40 


47-94 


22-61 


47-M 


22-82 


47-74 


2303 


53 


51 


48-94 


22-82 


48-84 


2303 


48-74 


23-25 


48-64 


23-46 


M 


55 


49-85 


23-24 


49-74 


23-46 


49-64 


23-68 


49-54 


23-89 


55 


56 


60-75 


23-67 


50-65 


23-89 


50-54 


24-11 


80-44 


24-33 


56 


67 


61-66 


2409 


51-55 


24-81 


51-45 


24-54 


61-34 


24-76 


57 


58 


62-57 


24-51 


52-46 


24-74 


52-35 


24-97 


52-24 


25-20 


58 


59 


63-47 


24-93 


53-36 


25-17 


53-25 


25-40 


68-14 


25-63 


59 


60 


54-38 


25-36 


54-27 


25-59 


5416 


25-83 


64-04 


2607 


60 


61 


56-28 


25.78 


55-17 


26-02 


55-06 


26-26 


54-94 


26-50 


61 


62 


56-19 


26-20 


66-08 


26-45 


55-96 


26-69 


65-84 


26-94 


62 


63 


5710 


26-62 


56-98 


26-87 


56-86 


2712 


66-74 


27-37 


63 


61 


58-00 


27-05 


67-89 


27-30 


57-77 


27-55 


57-64 


27-80 


64 


65 


58-91 


27-47 


58-79 


27-73 


58-67 


27-98 


68-65 


28-24 


65 


66 


59-82 


27-89 


69-69 


2815 


59-57 


28-41 


59-45 


28-67 


66 


67 


60-72 


28-32 


60-60 


28-58 


60-47 


28-84 


60-35 


2911 


67 


68 


61-63 


28-74 


61-50 


2901 


61-38 


29-27 


61-25 


29-54 


68 


69 


62-54 


29-16 


62-41 


29-43 


62-28 


29-71 


6215 


29-98 


69 


70 


63-44 


29-58 


63-31 


29-86 


6318 


8014 


68-06 


80-41 


70 


71 


61-35 


80-01 


64-22 


30-29 


64.08 


30-57 


63-95 


30-85 


71 


72 


65-25 


80-43 


65-12 


80-71 


64-99 


31-00 


64-85 


31-28 


72 


73 


66-16 


30-85 


6603 


81-14 


65-89 


31-43 


65-75 


31-71 


73 


74 


6707 


81-27 


66-93 


81-57 


66-79 


81-86 


66-65 


8215 


74 


75 


67-97 


81-70 


67-83 


31-99 


67-69 


32-29 


67-56 


82-58 


75 


76 


68-88 


3212 


68-74 


32-42 


68-60 


32-72 


68-45 


3302 


76 


77 


69-79 


32-54 


69-64 


82-85 


69-50 


33-15 


69-35 


33-45 


77 


78 


70-69 


32-96 


70-55 


88-27 


70-40 


33-58 


70-25 


33-89 


78 


79 


71 -GO 


33-89 


71-45 


83-70 


71-30 


3401 


71-16 


34-32 


79 


80 


72-60 


33-81 


72-86 


84-13 


72-21 


34-44 


72-06 


84-76 


80 


81 


73-41 


84-23 


78-26 


84-55 


73-11 


84-87 


72-96 


85-19 


81 


82 


74-32 


84-65 


74-17 


84-98 


74-01 


85-30 


78-86 


35-62 


82 


& 


75-22 


3508 


75-07 


85-41 


74-91 


85-73 


74-76 


36-06 


83 


84 


76-13 


35-50 


75-97 


85-83 


75-82 


8616 


75-66 


86-49 


84 


85 


77-04 


36-92 


76-88 


86-26 


76-72 


86-59 


76-56 


36-93 


85 


86 


77-94 


36-35 


77-78 


36-68 


T7-62 


37-02 


77-46 


37-36 


86 


87 


78-85 


86-77 


78-69 


8711 


78-52 


87-45 


78-36 


87-80 


87 


88 


79-76 


8719 


79-59 


37-54 


79-43 


87-88 


79-26 


38-23 


88 


89 


80-66 


87-61 


80-50 


87-96 


80-33 


38-32 


80-16 


38-67 


89 


90 


81-57 


38-04 


81-40 


88-89 


81-23 


88-75 


81-06 


3910 


90 


91 


82-47 


88-46 


82-31 


88-82 


82-14 


39-18 


81-96 


89-58 


91 


92 


83-38 


38-88 


83-21 


89-24 


83-04 


39-61 


82-86 


39-97 


92 


93 


84-29 


39-30 


8411 


39-67 


83-94 


40-04 


83-76 


40-40 


93 


94 


8519 


39-73 


85-02 


40-10 


84-84 


40-47 


84-67 


40-84 


94 


95 


86-10 


40-15 ! 


85-92 


40-52 


85-75 


40-90 


85-57 


41-27 


95 


96 


8701 


40-57 


86-83 


40-95 


86-65 


41-33 


86-47 


41-71 


96 


97 


87-91 


40-99 1 


87-73 


41-38 


87-55 


41-76 


87-37 


42-14 


97 


98 


88-82 


41-42 


88-64 


41-80 


87-45 


4219 


88-27 


42-58 


98 


99 


89-72 


41-84 


89-54 


42-23 


89-36 


42-62 


89-17 


43-01 


99 


100 


90-63 


42-26 


90-45 


42-66 


90-26 


4305 


90-07 


48-44 


100 


J 


Dep. 


L... 


Dep. 


LI. 


Dep. 


I^ 


Dep. 


LmU 


60 ] 


)Ee. 


6^% 


Dbg. 


641,4, Deg. 


6414 


DIG. 



I24n 



TRAVBBSB TABLE. 



g 


26 Deg. 


26^ Deg. 


26^ Dbg. 


26<^ 


Dbg. 


1 

1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-90 


0-44 


0-90 


0-44 


0-89 


0-46 


0-89 


0-45 


2 


1-80 


0-88 


1-79 


0-88. 


1-79 


0-89 


1-79 


0-90 


2 


3 


2-70 


1-32 


269 


1-83 


2-68 


1-34 


2-68 


1-85 


3 


4 


3-60 


1-75 


3-59 


1-77 


8-58 


1-78 


3-57 


1-80 


4 


5 


4-49 


2-19 


4-48 


2-21 


4-47 


2-23 


4-46 


2-25 


5 


6 


5-39 


2-68 


5-38 


2-65 


5-37 


2-68 


6-86 


2-70 


6 


7 


6-29 


3-07 


6-28 


3-10 


6-26 


812 


6-25 


315 


7 


8 


7-19 


3-51 


7-17 


8-54 


7-16 


8-57 


7-14 


3-60 


8 


9 


8-09 


3-95 


8-07 


3-98 


8-05 


4-02 


8-04 


4-05 


9 


10 


8-99 


4-38 


8-97 


4-42 


8-95 


4-46 


8-98 


4-50 


10 


11 


9-89 


4-82 


9-87 


4-87 


9-84 


4-91 


9-82 


4*96 


11 


12 


10-79 


5-26 


10-76 


6-81 


10-74 


5-85 


10-72 


5-40 


12 


13 


11-68 


5-70 


11-66 


6-75 


11-68 


5-80 


11-61 


5-85 


13 


14 


12-58 


6-14 


12-56 


6-19 


12-&8 


6-25 


12-50 


6-80 


14 


15 


13-48 


6-58 


18-45 


6-63 


18.42 


6-69 


18-39 


6-76 


15 


16 


14-38 


7-01 


14-35 


7-08 


14-82 


7-14 


14-29 


7-20 


16 


17 


15-28 


7-45 


15-25 


7-62 


15-21 


7-59 


15-18 


7-66 


17 


18 


16-18 


7-89 


16-14 


7-96 


16-11 


8-03 


16-07 


8-10 


18 


19 


17-08 


8-33 


17-04 


8-40 


1700 


8-48 


16-97 


8-55 


19 


20 


17-98 


8-77 


17-94 


8-85 


17-90 


8-92 


17-86 


9-00 


20 


21 


18-87 


9-21 


18-83 


9-29 


18-79 


9-37 


18-76 


9*45 


21 


22 


19-77 


9-64 


19-78 


9-78 


19-69 


9-82 


19-65 


9-90 


22 


23 


20-67 


10-08 


20-68 


10-17 


20-58 


10-26 


20-64 


10-85 


23 


24 


21-57 


10-52 


21-52 


10-61 


21-48 


10-71 


21-48 


10-80 


24 


25 


22-47 


10-96 


22-42 


1106 


22-37 


11-15 


22-82 


11-26 


25 


26 


23-37 


11-40 


28-82 


11-50 


23-27 


11-60 


23-22 


11-70 


26 


27 


24-27 


11-84 


24-22 


11-94 


2416 


12-06 


24-11 


12-16 


27 


28 


25-17 


12-27 


2511 


12-38 


25-06 


12-49 


25-00 


12-60 


28 


29 


26-06 


12-71 


2601 


12-83 


25-95 


12-94 


25-90 


18-05 


29 


30 


26-96 


1315 


26-91 


13-27 


26-85 


18-39 


26-79 


18-50 


80 


31 


27-86 


13-59 


27-80 


13-71 


27-74 


18-88 


27-68 


13-96 


31 


32 


28-76 


14-03 


28-70 


14-15 


28-64 


14-28 


28-58 


14-40 


32 


33 


29-66 


14-47 


29-60 


14-60 


29-58 


14-72 


29-47 


14-85 


33 


34 


30-56 


14-90 


80-49 


15-04 


30-43 


15-17 


30-36 


15-80 


34 


35 


31-46 


15-34 


31-89 


15-48 


31-82 


15-62 


31-26 


16-76 


35 


36 


32-36 


15-78 


82-29 


15-92 


82-22 


1606 


32-15 


16-20 


36 


37 


33-26 


16-22 


33-18 


16-36 


33-11 


16-51 


33-04 


16-65 


37 


38 


34-15 


16-66 


34-08 


16-81 


34-01 


16-96 


83-93 


17-10 


38 


39 


35-05 


17-10 


34-98 


17-25 


84-90 


17-40 


84-88 


17-55 


39 


40 


35-95 


17-58 


35-87 


17-69 


35-80 


17-85 


85-72 


18-00 


40 


41 


36-85 


17-97 


86-77 


18-13 


36-69 


18-29 


86-61 


18-45 


41 


42 


37-75 


18-41 


87-67 


18-58 


37-59 


18-74 


87-51 


18-90 


42 


43 


38-65 


18-85 


88-57 


19-02 


38-48 


19-19 


88-40 


19-36 


43 


44 


39-55 


19-29 


39-46 


19-46 


89-38 


19-63 


89-29 


19-80 1 


44 


45 


40-46 


19-73 


40-86 


19-90 


40-27 


20-08 


40-18 


20-26 


45 


46 


41-34 


2017 


41-26 


20-35 


41-17 


20-53 


41-08 


20-70 


46 


47 


42-24 


20-60 i 


42-15 


20-79 


4206 


20-97 


41-97 


21-15 


47 


48 


48-14 


21-04 


43-05 


21-23 


42-96 


21-42 


42-86 


21-60 


48 


49 


4404 


21-48 


43-95 


21-67 


43-85 


21-86 


43-76 


22-05 


49 


50 


44-94 


21-92 


44-84 


22-U 


44-75 


22-81 


44-65 


22-50 


50 


i 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


] 


64 Dbg. 


6S^ 


Dbg. 


68^ Deg. 


63^ Dbg. 



dbyGoogk 



TBAYKBSB TABLE. 



125a 



61 


26 DEO. 


86^ Deo. 


ity^ deg. 


»•>, 


Deg. 


[ 


L«t. 


Dep. 


Lak 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


46-84 


22-86 


46-74 


22-56 


45-64 


22-76 


45-54 


22-96 


51 


62 


46-74 


22-80 


46-64 


23*00 


46*54 


23-20 


46-43 


23-41 


52 


63 


47-64 


23*23 


47-58 


28*44 


47*48 


23-65 


47-83 


28-86 


53 


64 


48-53 


23*67 


48-48 


23*88 


48*33 


24-09 


48*22 


24*31 


54 


66 


49-43 


2411 


49-88 


24*88 


49-22 


24-54 


49*11 


24-76 


55 


66 


. 50-33 


24-55 


50*22 


24-77 


50*12 


24*99 


50*01 


25-21 


66 


67 


61-23 


»-99 


61*12 


25*21 


51*01 


25*48 


60-90 


25*66 


57 


68 


62-13 


25*43 


5202 


26*65 


61*91 


25*88 


61-79 


26-11 


58 


69 


63-03 


25*86 


62-92 


26*09 


52*80 


26*38 


52*69 


26*66 


59 


60 


53-93 


26*30 


58-81 


26*54 


53*70 


26*77 


53-58 


27-01 


60 


61 


64-83 


26-74 


54-71 


26*98 


54*59 


27-22 


54-47 


27*46 


61 


62 


65-78 


27-18 


55*61 


27*42 


55*49 


27-66 


58*36 


27*91 


62 


63 


66-62 


27-62 


56*50 


27-86 


56*38 


28-11 


66-26 


28-36 


63 


64 


57-52 


28-06 


57*40 


28*31 


57*28 


28*56 


57*15 


28-81 


64 


66 


68-42 


28-49 


58*30 


28*75 


5817 


29*00 


5804 


29-26 


65 


66 


69-32 


28-93 


59*19 


29*19 


50*07 


29*45 


68*94 


29*71 


66 


67 


60-22 


29*37 


6009 


29*68 


59*96 


29*90 


59*83 


30-16 


67 


68 
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28-25 


15-02 


28-19 


1516 


28-12 


15-27 


28-06 


15-39 


82 


33 


2914 


15-49 


29-07 


15-62 


29-00 


15-75 


28-93 


16-87 


33 


34 


3002 


15-96 


29-95 


1609 


29-88 


16-22 


29-81 


16-35 


34 


36 


30-90 


16-43 


30-83 


16-57 


30-76 


16-70 


30-69 


16-83 


35 


36 


81-79 


16-90 


31-71 


1704 


31-64 


17-18 


31-66 


17-32 


36 


37 


32-67 


17-37 


32-59 


17-51 


32-62 


17-65 


32-44 


17-80 


87 


38 


83-55 


17-84 


33-47 


17-99 


33-39 


18-13 


83-32 


18-28 


38 


39 


34-43 


18-31 


34-35 


18-46 


34-27 


18-61 


34-19 


18-76 


39 


40 


35-32 


18-78 


35-24 


18-93 


3615 


1909 


35-07 


19-24 


40 


41 


36-20 


19-25 


8612 


19-41 


86-08 


19-66 


86-95 


19-72 


41 


42 


37-08 


19-72 


3700 


19-88 


36-91 


20-04 


86-82 


20-20 


42 


43 


87-97 


20-19 


37-88 


20-35 


87-79 


20-62 


87-70 


20-68 


43 


44 


38-85 


20-66 


38-76 


20-83 


38-67 


20-99 


,S8-68 


21-16 


44 


45 


89-73 


21-13 


39*64 


21-30 


39-55 


21-47 


39-45 


21-64 


45 


46 


40-62 


21-60 


40-52 


21-77 


40-43 


21-96 


40-33 


2213 


46 


47 


41-50 


22-07 


41-40 


22-25 


41-30 


22-43 


41-21 


22-61 


47 


48 


42-38 


22-53 


43-28 


22-72 


42-18 


22-90 


42-08 


23-09 


48 


49 


43-26 


23-00 


4316 


23-19 


4306 


23-38 


42-96 


23-57 


49 


50 


44-15 


23-47 


4404 


23-67 


43-94 


28-86 


48-84 


24-05 


60 


I 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


UU 


Dep.. 


Lat. 


62 DBG. 


Bl% Dbg. 


BlVn DBG. 


6 114 DBO. 



dbyGoogk 



TBAVXBSE TABLE. 



12» 



c 


28DEG. 


28^4 I>i«. 


29^2 


DKG. 


i 2S% 


Deg. 


g 


f 


Lat. 


Dep. 


Lat. 

! 


I>.p. 


L«t. 

44-82 


Dep. 
24-34 


! Lat. 


Dep. 


t 


51 


45-08 


28-94 


2414 


44-71 


24-58 


61 


52 1 45-91 


24-41 




24-61 


45-70 


24-81 


45-59 


2501 


52 


53 ! 46-80 


24-88 




25-09 


46-58 


25-29 


46-47 


25-49 


63 


54 


47-68 


25-85 




25-56 


47-46 


25-77 


47-34 


25-97 


54 


55 


48-56 


25-82 




2603 


48-33 


26-24 


48-22 


26-45 


66 


56 


.49-45 


26-29 




26-51 


1 49-21 


26-72 


4910 


26-94 


56 


57 


60-33 


26-76 




26-98 


. 60-09 


27-20 


49-97 


27-42 


57 


58 


51-21 


27-23 




27-45 


50-97 


27-68 


60-85 


27-90 


68 


59 


62-09 


27-70 




27-93 


51-85 


2815 


61-73 


28-38 


59 


60 


52-98 


#8-17 




28-40 


52-73 


28-63 


52-60 


28-86 


60 


61 


53-86 


28-64 




28-87 


53-61 


29-11 


53-48 


29-84 


61 


62 


54-74 


2911 




29-35 


54-49 


29-58 


64-36 


29-82 


62 


63 


55-63 


29-58 




29-82 


•65-37 


30-06 


65-23 


80-30 


63 


64 


56-51 


80-06 




80-29 


66-24 


30-54 


56-11 


30-78 


64 


65 


57-39 


30-52 




30-77 


5712 


81-02 


56-99 


81-26 


65 


66 


58-27 


80-99 




31-24 


58-()0 


81-49 


67-86 


31-76 


66 


67 


5916 


31-45 




31-71 


58-88 


31-97 


68-74 


32-23 


67 


68 


60-04 


31-92 




3219 


69-76 


32-46 


69-62 


82-71 


68 


69 


60-92 


32-89 




32-66 


60-64 


82 92 


60-49 


33-19 


69 


70 


61-81 


82 86 




3313 


61-52 


33-40 


61-37 


33-67 


70 


71 


62-69 


83-33 




83-61 


62-40 


33-88 


62-25 


34-15 


71 


72 


63-57 


33-80 




34-08 


63-27 


31-36 


63-12 


34-63 


72 


73 


64*46 


34-27 




34-55 


6416 


34-83 


64-00 


35-11 


73 


74 


65-34 


34-74 




3503 


65-03 


3531 


64-88 


85-59 


74 


75 66-22 


86-21 




35.50 


65-91 


35-79 


66-75 


36-07 


75 


76 


67-10 


85-68 




35-97 


66-79 


36-26 


66-63 


36-56 


76 


77 


67-99 


36-16 




36-45 


67-67 


85-74 


67-51 


37-04 


77 


78 


68-87 


86-62 




36-92 


68-55 


37-22 


68-38 


87-52 


78 


79 


69-75 


87-09 




37-39 


69-43 


37-70 


69-26 


38-00 


79 


80 


70-64 


87-56 




37-87 


70-31 


88-17 


70-14 


88-48 


80 


81 


71-52 


8808 




38-84 


71-18 


88-65 


71-01 


38-96 


81 


82 


72-40 


88-60 




38-81 


72-06 


89-13 


71-89 


89-44 


82 


83 1 73-28 


88-97 




39-29 


72-94 


39-60 


72-77 


89-92 


83 


84 


74-17 


89-44 




39-76 


73-82 


40-08 


73-64 


40-40 


84 


85 


75-06 


89-91 




40-23 


74-70 


40-66 


74-52 


40-88 


85 


86 


75-93 


40-87 




40-71 


75-58 


41-04 


75-40 


41-86 


86 


87 ' 76-82 


40-84 




41-18 


76-46 


41-51 


76-28 


41-85 


87 


88 77-70 


41-81 




41-65 


77-34 


41-99 


T7-15 


42-33 


88 


89 i 78-58 


41-78 




42-13 


78 21 


42-47 


78-03 


42-81 


89 


90 79-47 


42-25 




42-60 


79-09 


42-94 


78-91 


43-29 


90 


91 1 80-35 


42-72 




48-07 


79-97 


43-42 


79-78 


43-77 


91 


92 ' 81-23 


43-19 




43-55 


80-85 


43-90 


80-66 


44-25 


92 


93 1 82-11 


43-66 




44-02 


81-73 


44-38 


81-54 


44-73 


93 


SI 83-00 


4418 




44-49 


82-61 


44-86 


82-41 


45-21 


94 


95 1 83-88 


44-60 




44-97 


83-49 


45-33 


83-29 


45-69 


95 


96 1 84-76 


4507 




45-44 


84-37 


45-81 


84-17 


46-17 


96 


97 i 85-65 


46-54 




45-91 


85-25 


46-28 


85-04 


46-66 


97 


98 86-53 


4601 




46-39 


8612 


46-76 


85-92 


47-14 


98 


W 1 87-41 


46-48 




46-86 


87-00 


47-24 


86-80 


47-62 


99 


100 


88-29 


46-95 


Dcp. 


47-33 


87-88 


47-72 


87-67 


48-10 


100 


7 


Dep. 

1 


LfcL 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


a 
a 




61\ 


Deg. 
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130a 



TBAVEESK TABLE. 



I 


29DEG. 


29^4 Peg- 


29^ Deg. 

• 


29% Deg. 


1 


Lat. 


Dep. 


L>t. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0*87 


0-48 


0-87 


0-49 


0-87 


0-49 


0-87 


0-50 


2 


1-75 


0-97 


1-74 


0-98 


1-74 


0-98 


1-74 


0-99 


2 


3 


2-62 


1-45 


2-62 


1-47 


2-61 


1-48 


2-60 


1-49 


3 


4 


3-50 


1-94 


3-49 


1-95 


3-48 


1*97 


3-47 


1-98 


4 


5 


4-87 


2-42 


4-36 


2-44 


4-35 


2-46 


4-34 


2-48 


5 


6 


5-25 


2-91 


5-23 


2-93 


5-22 


2-95 


5-21 


2-98 


6 


7 


6-12 


3-39 


6-11 


3-42 


6-09 


3-45 


6-08 


8-47 


7 


8 


700 


3-88 


6-98 


8-91 


6-96 


8-94 


6-95 


3-97 


8 


9 


7-87 


4-86 


7-85 


4-40 


7-83 


4-48 


7-81 


4-47 


9 


10 


8-75 


4-85 


8-72 


4-89 


8-70 


4-92 


8-68 


4-96 


10 


11 


9-62 


5-83 


9-60 


5-37 


9-57 


5-52 


9-55 


5-46 


11 


12 


10-50 


5-82 


10-47 


5-86 


10-44 


5-91 


10-42 


5-94 ' 


12 


13 


11-87 


6-30 


11-34 


6-35 


11-31 


6-40 


11-29 


6-45 


13 


14 


12-24 


6-79 


12-21 


6-84 


• 12-18 


6-89 


12-15 


6-95 


14 


15 


1312 


7-27 


13-09 


7-33 


13-06 


7-89 


13-02 


7-44 


15 


16 


13-99 


7-76 


13-96 


7-82 


13-93 


7-88 


14-89 


7-94 


16 


17 


14-87 


8-24 


14-83 


8-31 


14-80 


8-37 


14-76 


8-44 


17 


18 


15-74 


8-73 


15-70 


8-80 


15-67 


8-86 


15-68 


8-98 


18 


19 


16-62 


9-21 


16-68 


9-28 


16-54 


9-86 


16-50 


9-48 


19 


20 


17-49 


9-70 


17-45 


9-77 


17-41 


9-83 


17-86 


9-92 


20 


21 


18-37 


1018 


18-82 


10-26 


18-28 


10-34 


18-28 


10-42 


21 


22 


19-24 


10-67 


19-19 


10-75 


19-15 


10-83 


1910 


10-92 


22 


23 


20-12 


1115 


20-07 


11-24 


20-02 


11-33 


20-97 


11-41 


23 


24 


20*99 


11-64 


20-94 


11-73 


20-89 


11-82 


21-84 


11-91 


24 


25 


21-87 


12-12 


21-81 


12-22 


21-76 


12-81 


21-70 


12-41 


25 


26 


22-74 


12-60 


22-68 


12-70 


22-63 


12-80 


22-57 


12-90 


26 


27 


23-61 


1309 


23-56 


13-19 


23:50 


13-30 


23-44 


18-40 


27 


28 


24-49 


13-57 


24-43 


13-68 


24-37 


13-79 


24-81 


13-89 


28 


29 


25-36 


1406 


25-30 


14-17 


25-24 


14-28 


25-18 


14-89 


29 


30 


26-24 


14-54 


26-17 


14-66 


26-11 


14-77 


26-05 


14-89 


30 


31 


27-11 


15-0i3 


27-05 


15-15 


26-98 


15-27 


26-91 


15-88 


31 


32 


27-99 


15-51 


27-92 


15-64 


27-85 


15-76 


27-78 


15-88 


82 


33 


28-86 


16-00 


28-79 


16-12 


28-72 


16-25 


28-65 


16-88 


33 


34 


29-74 


16-48 


29-66 


16-61 


29-59 


16-74 


29-52 


16-87 


34 


35 


30-61 


16-97 


30 54 


17-10 


30-46 


17-28 


80-89 


17-87 


35 


36 


31-49 


17-45 


31-41 


17-59 


31.83 


• 17-73 


81-26 


17-86 


36 


37 


32-36 


17-94 


32-28 


18-08 


3*2.20 


18-22 


82-12 


18-86 


37 


38 


33-24 


18-42 


3315 


18-57 


33-07 


18-71 


82-99 


18-86 


38 


39 


34-11 


18-91 


34-03 


19-06 


88-94 


19.20 


33-86 


19-35 


39 


40 


34-98 


19-39 


34-90 


19-54 


34-81 


19-70 


34-78 


19-85 


40 


41 


35-86 


19-88 


35-77 


20-03 


35-68 


2019 
20-68 


85 60 


20-34 


41 


42 


36-73 


20-36 


36-64 


20-52 


36-55 


86-46 


20-84 


42 


43 


37-61 


20-85 


37-52 


21-01 


37-43 


21-17 


37-33 


21-34 


43 


44 


38-48 


21-33 


38-39 


21-50 


38-30 


21-67 


38-20 


21-88 


44 


45 


39-36 


21-82 


39-26 


21-99 


39-17 


2216 


39-07 


22-83 


45 


46 


40-23 


22-30 


40-13 


22-48 


40-04 


22-65 


89-94 


22-83 


46 


47 


4111 


22-79 


41-01 


22-97 


40-91 


28-14 


40-81 


23-32 


47 


48 


41-98 


23-27 


41-88 


23-45 


41-78 


23-63 


41-67 


28-82 


48 


49 


42-86 


23-76 


42-75 


23-94 


42-65 


24-13 


42-64 


24-31 


49 


50 


43-73 


24-24 


43-62 


24-43 


43-52 
Dep 


24-62 


43-41 


24-81 


50 


i 


Dep. 




Dep. 


Laf 


Lat. 


Dep. 


. Lau 


1 


61 DBG. 


60% 


Deg. 


60>^Dbg 


60% 


Dbq. 
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TRAVEBSE TABLE. 



131a 



1 


29DEG. 


29^ Deg. 1 


29^ Deo. ' 


29^ Deg. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• Dep. 


51 


44-61 


24-78 


44-50 


24-92 


44-39 


25-11 1 


44-28 


25-31 


52 


45-48 


25-21 


45-37 


25-41 


45*26 


25-61 


4516 


25-80 


53 


46-35 


25-69 


46-24 


25-90 


46-18 


26-10 


46-01 


26-30 


M 


47-.S 


2618 


47-11 


26-39 , 


47-00 


26-59 


46-88 


26-80 


55 


4810 


26-66 


47-99 


2687 1 


47-87 


27-08 


47-75 


27-29 


56 


48-S8 


27-15 


48-86 


27-36 


48-74 


27-58 


48-62 


27-79 


57 


49«5 


27-63 


49-78 


27-85 


49-61 


28-07 


49-49 


28-28 


58 


50-78 


28-12 


50-60 


28-34 


50-48 


28-56 


60-86 


28-78 


59 


5i-eo 


28-60 


51-48 


28-83 


61-85 


29-05 , 


61-22 


29-28 


60 


52-48 


29-09 


52-35 


29-82 


52-22 


29-55 ' 

1 


62-09 


29-77 


61 


53-35 


29-57 


53-22 


29-81 


68-09 


3004 , 


52-96 


30-27 


62 


54-28 


30-06 


64-09 


80-29 


63-96 


30-53 


53-88 


30-77 


63 


55-10 


80-54 


54-97 


8U-78 


64-88 


31-02 


64-70 


31-26 


64 


55-98 


31-03 


65-84 


31-27 


55-70 


31-52 


65-56 


31-76 


65 


56-85 


81-51 


56-71 


81-76 


56-57 


32-Ul 1 


56-43 


32-25 


66 


57-72 


32-00 


67-58 


82-26 t 


57-44 


32-50 : 


57-30 


82-75 


67 


58-60 


32-48 


68-46 


82-74 


68-31 


32-99 ; 


58-17 


83-25 


68 


59-47 


82-97 


59-38 


83-23 1 


59-18 


83-48 , 


59-04 


83-74 


69 


60-35 


83-45 


60-20 


33-71 


60-06 


33-98 ! 


59-91 


84-24 


70 


61-22 


83-94 


61-07 


84-20 ; 


60-92 


84-47 I 


60-77 


84-74 


71 


62-10 


34-42 


61-95 


84-69 


61-80 


8i-96 


61-64 


35-23 


72 


62-97 


84-91 


62-b2 


85-18 1 


62-67 


85-45 


62-51 


35-73 


73 


63-85 


85-39 


63-69 


35-67 ' 


63-64 


85-96 


68-88 


36--22 


74 


64-72 


35-88 


64-56 


86-16 : 


64-41 


36-44 


64-25 


36-72 


75 


65-60 


86-36 


65-44 


36-65 


66-28 


36-93 


6511 


37-22 


76 


66-47 


36-85 


66-31 


37-14 


66-16 


37-42 


65-98 


37-71 


77 


67-35 


37-33 


67-18 


37-62 


67-02 


87-92 


66-86 


38-21 


78 


68-22 


37-82 


6805 


38-11 1 


67-89 


88-41 1 


67-72 


38-70 


79 


69-09 


38-30 


68-93 


38-60 i 


68-76 


38-90 1 


68-59 


39-20 


80 


69-97 


38-78 


09-80 


39-09 


69-63 


39-39 ; 


69-46 


39-70 


81 


70-84 


89-27 


70-67 


39-58 


70-60 


39-89 


70-32 


40-19 


82 


71-72 


39-75 


71-54 


40-07 1 


71-87 


40-38 


71-19 


40-69 


83 


72-59 


40-24 


72-42 


40-56 


72-24 


40-87 ' 


72-06 


41-19 


84 


73-47 


40-72 


73-29 


4104 I 


7311 


41-36 


72-93 


41-68 


85 


74-84 


41-21 


7416 


41-53 1 


73-98 


41-86 


73-80 


42-18 


86 


75-22 


41-69 


75-03 


4202 \ 


74-85 


42-35 i 


74-67 


42-67 


87 


76-09 


4-218 


75-91 


4-J-51 • 


75-72 


42-M 


75-58 


43-17 


88 


76-97 


42-66 


76-78 


43-00 1 


76-59 


43-33 


76-40 


43-67 


89 


71'M 


43-15 


77-65 


43-49 


77-46 


43-83 


77-27 


44-16 


90 


78-72 


43-63 


78-52 


43-98 


78-83 


44-32 ; 


78-14 


44-66 


91 


79-59 


44-12 


79-40 


44-46 


79-20 


44-81 i 


79-01 


4516 


92 


80-46 


44-60 


80-27 


44-95 


80-07 


45-30 i 


79-87 


45-65 


93 


81-34 


46-09 


81-14 


45-44 


80-94 


45-80 


80-74 


4615 


94 


82-21 


45-57 


82-01 


45-93 


81-81 


46-29 


81-61 


46-64 


95 


83-09 


46-06 


82-89 


46-42 


82-68 


46-78 ! 


82-48 


47-14 


96 


83-96 


46-54 


83-76 


46-91 


83-66 


47-27 1 


83-:^5 


47-64 


97 


84-M 


47-03 


W63 


47-40 


84-42 


47-77 ; 


84-22 


48-13 


98 


85-71 


47-51 


85-50 


47-88- 


85-29 


48-26 ! 


85-08 


48-63 


99 


86-59 


.48-00 


86-38 


48-37 


8617 


48-75 


85-96 


49-13 


KH) 


87-46 
Dep. 

1 ^^ 


48-48 
Lat. 

Deq. 


87-25 


48-86 1 
L«.. ; 


87-04 


49-24 


86-82 


49-62 


Dep. 


Lat, 


Dep. 


Lat. 


60^ Dec. 


60^ Peg. 


60^4 


Deg. ' 



51 
52 
53 
54 
65 
56 
67 
68 
59 



61 
62 
63 
tV4 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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TBAVEBSB TABLE. 



{ 


30 Deg. 


30^4 Dbg. 


30^ Deg. 


30%^ Beg. 


8 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-87 


0-50 


0-86 


0-50 


0-86 


0-51 


0-86 


0-51 


1 


2 


1-73 


1-00 


1-73 


1-01 


1-72 


1-02 


1-72 


1-02 


2 


8 


2-60 


1-50 


2-59 


1-51 


2-58 


1-52 


2-58 


1-58 


3 


4 


3-46 


200 


3-46 


2-02 


3-45 


2-03 


3-44 


2-06 


4 


5 


4-33 


2-50 


4-32 


2-52 


4-81 


2-54 


4-30 


2-56 


5 


6 


5-20 


3-00 


5-18 


3-02 


5-17 


805 


5-16 


3-07 


6 


7 


6-06 ■ 


3-50 


605 


3-53 


6-03 


3-55 


6-02 


3-58 


7 


8 


6-93 


4-00 


6-91 


4-08 


6-89 


4-06 


6-88 


4-09 


8 


9 


7-79 


4-50 


7-77 


4-58 


7-75 


4-57 


7-73 


4-60 


9 


10 


8-66 


5-00 


8-64 


5-04 


8-62 


508 


8-59 


5-11 


10 


11 


9-53 


5-50 


9-50 


5-54 


9-48 


5-58 


9-45 


5-62 


11 


12 


10-89 


6-00 


10-87 


6-05 


10-84 


6-09 


10-31 


614 


12 


13 


11-26 


6-50 


11-23 


6-55 


11-20 


6-60 


11-17 


6-65 


13 


14 


12-12 


7-00 


1209 


7-05 


12-06 


7-11 


12-03 


7-16 


14 


15 


12.99. 


7-50 


12-96 


7-56 


12-92 


7-61 


12-89 


7-67 


15 


16 


13-86 


8-00 


13-82 


8-06 


13-79 


8-12 


18-75 


8-18 


16 


17 


14-72 


8-50 


14-69 


8-56 


14-65 


8-68 


14-61 


8-69 


17 


18 


15-59 


9-00 


15-55 


9-07 


15-51 


914 


15-47 


9-20 


18 


19 


16-45 


9-50 


16-41 


9-57 


16-87 


9-64 


16-83 


9-71 


19 


20 


17-32 


10-00 


17-28 


10-08 


17-23 


10-15 


17-19 


10-28 


20 


21 


18-19 


10-50 


18-14 


10-58 


1809 


10-66 


18-05 


10-74 


21 


22 


19-05 


11-00 


19-00 


11-08 


18-96 


11-17 


18-91 


11-25 


22 


23 


19-92 


11-50 


19-87 


11-59 


19-82 


11-67 


19-77 


11-76 


23 


24 


20-78 


12-00 


20-73 


12-09 


20-68 


12-18 


20-63 


12-27 


24 


25 


21-65 


12-50 


21-60 


12-59 


21-54 


12-69 


21-49 


12*78 


•25 


26 


22-52 


1300 


22-46 


1310 


22-40 


13-20 


22-84 


13-29 


26 


27 


23-38 


13-50 


23-32 


13-60 


23-26 


13-70 


23-20 


13-80 


27 


28 


24-25 


14-00 


24-19 


1411 


2413 


14-21 


24-06 


14-32 


28 


•29 


25-11 


14*50 


25-a') 


14-61 


24-99 


14-72 


24-92 


14-83 


29 


30 


25-98 


15-00 


25-92 


15-11 


25-85 


15-28 


25-78 


15-34 


30 


31 


26-85 


15-50 


26-78 


15-62 


26-71 


15-78 


26-64 


15-85 


81 


32 


27-71 


1600 


27-64 


16-12 


27-67 


16-24 


27-50 


16-36 


32 


33 


28-58 


16-50 


28-51 


16-62 


28-43 


16-75 


28-36 


1687 


33 


34 


29-41 


17-00 


29-37 


17-13 


29-30 


17-26 


29-22 


17-88 


34 


35 


30-31 


17-50 


80-23 


17-63 


30-16 


17-76 


30-08 


17-90 


85 


36 


31-18 


18-00 


31-10 


18-14 


3102 


18-27 


30-94 


18-41 


36 


37 


32-W 


18-50 


31-96 


18-64 


31-88 


18-78 


81-80 


18-92 


37 


38 


32-91 


19-00 


32-83 


19-14 


32-74 


19-29 


32-66 


19-43 


38 


39 


33-77 


19-50 


33-69 


19-65 


33-60 


19-79 


3:^-52 


19-94 


34 


40 


34.64 


20-00 


34-55 


2015 


34-47 


20-30 


34-38 


•20-45 


40 


41 


35-51 


20-50 


35-42 


20-65 


35-83 


20-81 


35-24 


20-96 


41 


42 


36-37 


21-00 


36-28 


21-16 


36-19 


21-32 


86-10 


21-47 


42 


43 


37-24 


21-50 


3714 


21-66 


37-05 


21-82 


86-95 


21-99 


43 


44 


8811 


22-00 


38-01 


22-17 


37-91 


22-38 


37-81 


22-50 


44 


45 


88-97 


22-50 


38-87 


22-67 


38-77 


22-84 


88-67 


2:vol 


45 


46 


39-84 


2300 


89-74 


23-17 


89-63 


23-85 


39-53 


•J3-52 


46 


47 


40-70 


23-50 


40-60 


23-68 


40-50 


23-85 


40-39 


•2408 


47 


48 


41-57 


24-00 


41-46 


24-18 


41-36 


24-36 


41-25 


•24-M 


48 


49 


42-44 


24-50 


42-38 


24-68 


42-22 


24-87 


42-11 


2505 


49 


50 

i 


43-30 


25-00 


43-19 


2519 


43-08 


25-38 
Lat. 


42-97 


25-56 


50 

_ _ 

i 


Dcp. 


L.t. 


Dep. 


Lau 


Dcp. 


Dep. 


Lat. 


60 Deg. 


59% 


Deg. 


59^ 


Deg. 


6914 Deg. 
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f 


30 Deg. 


S0\4 Deg. 


1 30^ Deg. 


30% Deo. 


s 


Liu. 


Dep. 


Lat. 


Dep. 


1 "^ 


Dep. 


Lat. 


Dep. 


1 


51 


4417 


25-50 


4406 


25*69 


1 

1 43*94 


25-88 


43*88 


26*08 


51 


&2 


4508 


26-00 


44*92 


26*20 


44*80 


26-39 


44*69 


26*69 


52 


53 


46-90 


26-50 


45-78 


26-70 


45-67 


26*90 


45*66 


27*10 


53 


54 


46-77 


27-00 


46-65 


27-20 


46*58 


27-41 


46*41 


27*61 


54 


55 


47-63 


27-60 


4751 


27*71 


47*39 


27*91 


47-27 


28*12 


55 


56 


48-50 


28-00 


48-37 


28-21 


48-25 


28*42 


4813 


28*63 


56 


57 


49-36 


28-50 


49-24 


28-72 


4911 


28*93 


48*99 


2914 


57 


58 


50-23 


2900 


50-10 


29-22 


49-97 


29*44 


49*85 


29-65 


58 


59 


5110 


29*50 


50-97 


29*72 


50-84 


29-94 


60-70 


3017 


59 


eo 


51-96 


80-00 


51*83 


30*23 


51*70 


30*45 


61*66 


30-68 


60 


61 


52-83 


30-50 


52-69 


30*73 


52-66 


30*96 


62*42 


31*19 


61 


62 


53*69 


31-00 


68-66 


31*23 


53*42 


31*47 


53*28 


31*70 


62 


63 


54-56 


31-50 


•54-42 


31*74 


54-28 


31*97 


54*14 


32*21 


63 


64 


55-43 


32-00 


65-29 


32*24 


66-14 


32*48 


65*00 


32-72 


64 


65 


56-29 


32*50 


56-16 


32*76 


66-01 


32*99 


65*86 


33-23 


65 


66 


5716 


3300 


57*01 


33*26 


56-87 


33-50 


56*72 


33*75 


66 


67 


58-02 


33-50 


57*88 


33*76 


57*73 


SMOl 


67*68 


34-26 


67 


68 


58-89 


34*00 


58*74 


34*26 


68*69 


84*51 


68-44 


34*77 


68 


69 


50-76 


34*50 


59*60 


34*76 


69-45 


35-02 


69*30 


85*28 


69 


70 


60*62 


35-00 


60*47 


86*26 


60*31 


85*53 


60*16 


35*79 


70 


71 


61-49 


35-50 


61*88 


36-77 


61-18 


86*04 


61*02 


36*30 


71 


72 


62-85 


3600 


62*20 


36-27 


6204 


36*54 


61-88 


36*81 


72 


78 


63-22 


36*50 


63*06 


36*78 


i 6-2-90 


3706 


62*74 


37-32 


73 


74 


6409 


37*00 


63*92- 


37-28 


63-76 


37*66 


63-60 


37-84 


74 


75 


64-95 


37*50 


64*79 


37*78 


64-62 


3807 


64*46 


38-36 


75 


76 


65-82 


3800 


65-65 


38-29 


65*48 


38*57 


65-31 


38-86 


76 


77 


66-68 


38*50 


66*52 


38-79 


66-35 


3908 


66-17 


39-37 


77 


78 


67-55 


39*00 


67-38 


39-29 


67-21 


39-69 


67-03 


39-88 


78 


79 


68-42 


39-50 


68-24 


39*80 


68-07 


4010 


67-89 


40-89 


79 


80 


69-28 


40*00 


69*11 


40-30 


68-98 


40*60 


68*76 


40*90 


80 


81 


70-16 


40-50 


69*97 


40-81 


69-79 


41-11 


69*61 


41*41 


81 


82 


71-01 


41-00 


70*83 


41*31 


70*65 


41-62 


70*47 


41*93 


82 


88 


71-88 


41-50 


71*70 


41*81 


71-52 


4213 


71*33 


42-44 


83 


84 


72-75 


42-00 


72*66 


42*32 


72-38 


42*63 


7219 


42-95 


84 


85 


73-61 


42*50 


73*43 


42-82 


73-24 


43-14 


78-06 


43-46 


85 


i? 


74-48 


43*00 


74*29 


43*32 


74-10 


43-66 


73*91 


43-97 


86 


75-84 


43*50 


76-36 


43-83 


74*96 


44*16 


74-77 


44-48 


87 


88 


76-21 


44*00 


76-02 


44*33 


1 75-82 


44-66 


75-63 


44-99 


h8 


89 


77-08 


44-50 


76*88 


44*84 


1 76*68 


4517 


76*49 


45-51 


89 


90 


77-94 


45*00 


77-75 


46-34 


77*55 


45*68 


77-36 


4602 


90 


91 


78-81 


45*50 


78*61 


45*84 


78*41 


46*19 


78*21 


46-53 


91 


92 


79-67 


46*00 


79*47 


46*35 


1 79-27 


46*69 


79-07 


4704 


92 


98 


80-54 


46-60 


80*84 


40-86 


1 80-13 


47-20 


79-92 


47*55 


93 


94 


81-41 


47*00 


81-20 


47-36 


80 09 


47-71 


80-78 


48-06 


94 


95 


82-27 


47*60 


82-06 


47-86 


; 81-85 


48*22 


81-64 


48-57 


95 


96 


83-14 


48-00 


82-93 


48-36 


82*72 


48-72 


82*50 


49-08 


% 


97 


84-00 


48*60 


83-79 


48-87 


83-58 


49-23 


83-36 


49-60 


97 


98 


84-87 


4900 


&1-66 


49-37 


84*44 


49-74 


84-22 


60-11 


98 


99 


86-74 


49-60 


86*62 


49-87 


85-30 


60-26 


85*08 


60-62 


99 


100 


86-60 


6000 


86*38 


50-38 


1 86-16 


60-75 


85*94 


61-13 


100 


[ 


Dep. 


Lat. 


Dep. 


Lat. 


1 I>ep. 


Lat. 

Deg. 


Dep. 


Lat. 


7 


60 Deg. 


69\ 


Deo. 


i 591^ 


59^4 Deg. 


1 
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? 


31 Dec. 


31^4 Deg. 


31^ Dbg. 


31% Deo. 


g 


1 


















g 


? 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


1 


0-86 


0-51 


0-85 


0-52 


0-85 


0-52 


0-85 


0-53 


2 


1-71 


1-03 


1-71 


1-04 


1-71 


1-04 


1-70 


1-05 


2 


3 


2-57 


1-55 


2-56 


1-56 


2-56 


1-57 


2-55 


1-58 


3 


4 


3-43 


206 


3-42 


2*08 


3-41 


2-09 


3-40 


2-10 


4 


& 


4-29 


2-58 


4-27 


2-59 


4-26 


2-61 


4-25 


2-63 


5 


6 


614 


3-09 


5-13 


311 


5-12 


8-13 


6-10 


816 


6 


7 


600 


3-61 


5-98 


3-63 


5-97 


8-66 


5-95 


8-68 


7 


8 


6-86 


4-12 


6-84 


4-15 


6-82 


4-18 


6-80 


4-21 


8 


9 


7-71 


4-64 


7-69 


4*67 


7-67 


4-70 


7-65 


4-74 


9 


10 


8-57 


515 


8-55 


5-19 


8-53 


5-22 


8-50 


5-26 


10 


11 


9-43 


5-67 


9-40 


5-71 


9-38 


5-75 


9-35 


5-79 


11 


12 


10-29 


618 


10 26 


6-23 


10-23 


6-27, 


10-20 


6-31 


12 


13 


1114 


6-70 


11-11 


6-74 


11-08 


6-79* 


11-05 


6-84 


13 


14 


12-00 


7-21 


11-97 


7-26 


11-94 


7-31 


11-90 


7-37 


14 


15 


12-86 


7-73 


12-82 


7-78 


12-79 


7-84 


12-76 


7-89 


15 


16 


13-71 


8-24 


13-68 


8-30 


13-64 


8-36 


13-61 


8-42 


16 


17 


14-57 


8-76 


14-53 


8-82 


14-49 


8-88 


14-46 


8-95 


17 


18 


15-43 


9-27 


15-39 


9-34 


15-35 


9-40 


15-31 


9-47 


18 


19 


16-29 


9-79 


16-24 


9-86 


1620 


9-93 


1616 


10-00 


19 


20 


17-14 


10-30 


1710 


10-38 


17-05 


10-45 


17-01 


10-52 


20 


21 


18-00 


10-82 


17-95 


10-89 


17-91 


10-97 


17-86 


1105 


21 


22 


18-86 


11-33 


18-81 


11-41 


18-76 


11-49 


18-71 


11-58 


22 


23 


19-71 


11-85 


19-66 


11-93 


19-61 


12-02 


1956 


12-10 


23 


24 


20-57 


12-36 


20-52 


12-45 


20-46 


•12-54 


20-41 


12-63 


24 


25 


21-43 


12-88 


21-37 


12-97 


21-32 


13-06 


21-26 


18-16 


25 


26 


22-29 


13-39 


22-23 


13-49 


22-17 


13-58 


22-11 


13-68 


26 


27 


23-14 


13-91 


23-08 


14-01 


23-02 


14-11 


22-96 


14-21 


27 


28 


24-00 


14-42 


23-94 


14-53 


23-87 


14-63 


23-81 


14-73 


28 


29 


24-86 


14-94 


24-79 


1504 


24-73 


15-15 


24-66 


15-26 


29 


30 


25-71 


15-45 


25-65 


15-56 


25-58 


15-67 


26-51 


15-79 


30 


31 


26-57 


15-97 


26-50 


16-08 


26-43 


16-20 


26-36 


16-31 


31 


82 


27-43 


16-48 


27-36 


16-60 


27-28 


16-72 


27-21 


16-84 


32 


83 


28-29 


17-00 


28-21 


1712 


28-14 


17.24 


28-06 


17-37 


33 


34 


2914 


17-51 


2907 


17-64 


28-99 


17-76 


28-91 


17-89 


34 


35 


30-00 


18-03 


29-92 


1816 


29-84 


18-29 


29-76 


18-42 


85 


36 


30-86 


18-54 


30-78 


18-68 


30-70 


18-81 


80-61 


18-94 


36 


37 


31-72 


19-06 


31-63 


19-19 


31-55 


19-33 


81-46 


19-47 


87 


38 


32-57 


19-57 


32-49 


19-71 


82-40 


19-85 


32-31 


20 00 


38 


39 


33-43 


20-09 


33-34 


20-23 


83-25 


20-38 


33-16 


20-52 


S9 


40 


34-29 


20-60 


34-20 


20-75 


34-11 


20-90 


34-01 


21-05 


40 


41 


35-14 


2112 


35-05 


21-27 


34-96 


21-42 


34-86 


21-57 


41 


42 


36-00 


21-63 


35-91 


21-7^ 


35-81 


21-94 


35-71 


22-10 


42 


43 


36-86 


22-15 


36-76 


22-31 


36-66 


22-47 


36-57 


22-63 


43 


44 


37-72 


22-66 


37-62 


22-83 


37-52 


22-99 


37-42 


23-15 


44 


45 


38-57 


23-18 


38-47 


23-34 


38-37 


23-51 


38-^ 


23-68 


45 


46 


39-43 


23-69 1 


39-33 


23-86 


39-22 


2403 


3912 


24-21 


46 


47 


40-29 


24-21 1 


40-18 


24-38 


40-07 


24-56 


39-97 


24-73 


47 


48 


41-14 


24-72 i 


41-04 


24-90 


40-93 


2508 


40-82 


25-26 


48 


49 


42-00 


25-24 


41-89 


25-42 


41-78 


25-60 


41-67 


25-78 


49 


50 


42-86 


25-75 


42-75 


25-94 


42-63 


2612 


42-52 


26-81 


50 

7 

i 


I 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


69 Beg. 


68% 


Deo. 


68^ 


DEG. 


68% BbQ. 
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2 


81DKG. 


81J4 Deg. 


813^ Deg. 


j 31% Deg. 


51 


Lat. 


Dep. 


Lat. 


Dep. 


i^t. 


Dep. 


Lat. 


Dep. 


51 


43-72 


26-27 


48-60 


26-46 


43-48 


26-65 


48-37 


26*84 


52 


44-57 - 


26-78 


44-46 


26-98 


44-34 


27-17 


44-22 


27-36 


52 


53 


45-43 


27-80 


45-31 


27-49 


45-19 


27-69 


45-07 


27-89 


53 


54 


46-29 


27-81 


46-17 


28-01 


46-04 


28-21 


45-92 


28-42 


54 


55 


4714 


28-33 


47-02 


28-53 


46-90 


28-74 


46-77 


28-94 


55 


56 


48-00 


28-84 


47-88 


29-05 


47-75 


29-26 


47-62 


29-47 


66 


57 


48-86 


29-36 


48-73 


29-57 


48-60 


29-78 


48-47 


29-99 


57 


58 


49-72 


29-87 


49-58 


30-09 


49-45 


30-30 


49-32 


30-52 


58 


59 


50-57 


30-39 


50-44 


30-61 


50-31 


30-83 


50-17 


31-05 


59 


60 


61-43 


30-90 


51-29 


31-13 


5116 


31-36 


5102 


31*57 


60 


61 


52*29 


31-42 


5216 


31-65 


52-01 


31-87 


51-87 


3210 


61 


62 


53-14 


31-93 


5300 


8216 


52-86 


32-39 


52-72 


32-63 


62 


63 


54-00 


32-45 


53-86 


32-68 


58-72 


32-92 


53-57 


3316 


63 


64 


54-86 


32-96 


54-71 


33-20 


54-57 


33-44 


54-42 


33-68 


64 


65 


55-72 


33-48 


55-57 


33-72 


55-42 


33-96 


65-27 


34-20 


65 


66 


56-57 


33-99 


56-42 


34-24 


56-27 


34-48 


66-12 


34-73 


66 


67 


57-43 


34-51 


57-28 


34-76 


57-13 


35-01 


66-98 


35-26 


67 


68 


58-29 


35-02 


58-13 


35-28 


57-98 


35-53 


57-82 


35-78 


68 


69 


69-14 


35-54 


58-99 


35-80 


58-83 


36-05 


58-67 


36*31 


69 


70 


60-00 


36-05 


59-84 


36-31 


59-68 


36-57 


59-52 


36-83 


70 


71 


60-86 


36-57 


60-70 


36-83 


60-54 


37-10 


60-37 


37-36 


71 


72 


61-72 


3708 


61-55 


37-35 


61-39 


37-62 


61-23 


37-89 


72 


73 


62-57 


37-60 


62-41 


37.87 


62-24 


38-14 


62-08 


38-41 


73 


74 


63-43 


38-11 


63-26 


38-39 


63-10 


38-66 


62-93 


38-94 


74 


75 


64-29 


38-63 


6412 


38-91 


63-95 


39-19 


63-78 


89-47 


75 


76 


65-14 


39-14 


64-97 


39-43 


64-80 


39-71 


64-63 


89-99 


76 


77 


66-00 


39-66 


65-83 


39-95 


65-65 


40-23 


65-48 


40*62 


77 


78 


66 86 


40-17 


66-68 


40-46 


66-51 


40-75 


66-33 


4104 


78 


79 


67-72 


40-69 


67-54 


40-98 


67-36 


41-28 


67-18 


41-67 


79 


80 


.68-57 


41-20 


68-39 


41-50 


68-21 


41-80 


68-03 


42*10 


80 


81 


69-43 


41-72 


69-25 


42-02 


69-06 


42-32 


68-88 


42*62 


81 


82 


70-29 


42-23 


70-10 


42-54 


69-92 


42-84 


69-73 


4315 


82 


83 


71*14 


42-75 


70-96 


43-06 


70-77 


43-37 


70-58 


43-68 


83 


84 


7200 


43-26 


71-81 


43-58 


71-62 


43-89 


71-48 


44-20 


84 


85 


72-86 


43-78 


72-67 


44-10 


72-47 


44-41 


72-28 


44 73 


85 


86 


78-72 


44-29 


73-52 


44-61 


73-33 


44-93 


73-13 


45-26 


86 


87 


74-57 


44-81 


74 38 


4513 


74-18 


45-46 


73-98 


45-78 


87 


88 


76'43 


45-32 


76-23 


45-65 


75-03 


45-98 


74-88 


46-31 


88 


89 


76-29 


45-84 


76-09 


4617 


75-88 


46-50 


75-68 


46-83 


89 


90 


77-15 


46-35 


76-94 


46-69 


76-74 


47.02 


76-63 


47-86 


90 


91 


78-00 


46-87 


77-80 


47-21 


77-59 


47-55 


77-88 


47-89 


91 


92 


78-86 


47-38 


78-65 


47-73 


78-44 


48-07 


78-23 


48-41 


92 


93 


79-72 


47-90 


79-51 


48-25 


79-30 


48-59 


79-08 


48-94 


93 


94 


80-57 


48-41 


80-36 


48-76 


80-15 


49-11 


79-93 


49-47 


94 


95 


81-48 


48-93 


81-22 


49-28 


8100 


49-64 


80-78 


49*99 


95 


96 


82-29 


49-44 


8207 


49-80 


81-85 


60-16 


81-63 


60*62 


96 


97 


83-15 


49-96 


82-93 


50-32 


82-71 


60-68 


82-48 


61*04 


97 


98 


84-00 


60-47 


83-78 


50-84 


83-56 


61-20 


83*33 


61*67 


98 


99 


84-86 


50-99 


84-64 


51-36 


84-41 


51-73 


84-18 


62*10 


99 


100 


85-72 


61-50 


85-49 


51-88 


85-26 


62-25 


86-04 


62*62 


100! 


I 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


^ 69 Beg. 


68% 


Deg. 


68^ 


Deg. 


68% Dbg. 



dbyGoogk 



Id6a 



TEAVBBSB TABLB, 



1 


32 Deg. 


32^4 DSG. 


321^ Deg. 


32% Deg. 


5 

1 


LftU 


Dep. 


. Lat. 


Dep. 


Lat 


Dep. 


i^t. 


Dep. 


0-85 


0-58 


0-85 


0-53 


0-84 


0-54 


0-84 


0-54 


2 


1-70 


1-06 


1-69 


1-07 


1-69 


1-07 


1-68 


1-08 


2 


3 


2-54 


1-59 


2-54 


1-60 


2-53 


1-61 


2-52 


1-62 


8 


4 


8-39 


212 


3-88 


2-13 


3-37 


215 


3-36 


2-16 


4 


5 


4-24 


2-65 


4-23 


2-67 


4-22 


2-69 


4-21 


2-70 


5 


6 


5-09 


318 


5-07 


3-20 


506 


3-22 


8-05 


3-25 


6 


7 


6-94 


8-71 


5-92 


3-74 


5-90 


3-76 


5-89 


3-79 


7 


8 


6-78 


4-24 


6-77 


4-27 


6-75 


4-30 


6-73 


4-83 


8 


9 


7-63 


4-77 


7-61 


4-80 


7-59 


4-84 


7-57 


4-87 


9 


10 


8-48 


5-30 


8-46 


5-34 


8-43 


5-37 


8-41 


5-41 


10. 


11 


9-33 


5-88 


9-30 


5-87 


9-28 


5-91 


9-25 


5-95 


11 


12 


10-18 


6-36 


10-15 


6-40 


10-12 


6-45 


10-09 


6-49 


12 


18 


11-02 


6-89 


10-99 


6-94 


10-96 


6-98 


10-93 


708 


13 


14 


11-87 


7-42 


11-84 


7-47 


11-81 


7-52 


11-77 


7 57 


14 


15 


12-72 


7-95 


12-69 


8-00 


12-65 


8-06 


12-62 


811 


15 


16 


13-57 


8-48 


13-53 


8-54 


13-49 


8-60 


13-46 


8-66 


16 


17 


14-42 


9-01 


14-38 


9-07 


14-34 


9-13 


14-30 


9-20 


17 


18 


16-26 


9-54 


15-22 


9-61 


15-18 


967 


15-14 


9-74 


18 


19 


16-11 


10-07 


16-07 


ie-14 


16-02 


10-21 


15-98 


10-28 


19 


20 


16-96 


10-60 


16-91 


10-67 


16-87 


10-75 


16-82 


10-82 


20 


21 


17-81 


U18 


17-76 


11-21 


17-71 


11-28 


17-66 


11-36 


21 


22 


18-66 


11-66 


18-61 


11-74 


18-55 


11-82 


18-50 


11-90 


22 


23 


19-51 


12-19 


19-45 


12-27 


19-40 


12-86 


19-34 


12-44 


23 


24 


20-35 


12-72 


20-30 


12-81 


20-24 


12-90 


20-18 


12-98 


24 


25 


21-20 


13-25 


21-14 


13-34 


21-08 


13-43 


21-08 


13-52 


25 


26 


22-05 


13-78 


21-99 


13-87 


21-93 


13-97 


21-87 


14-07 


26 


27 


22-90 


14-31 


22-83 


14-41 


22-77 


14-51 


22.71 


14-61 


27 


28 


23-75 


14-84 


23-68 


14-94 


23-61 


15-04 


23-55 


15-15 


28 


29 


24-59 


15-37 


24-53 


15-47 


24-46 


16-58 


24-39 


15-69 


29 


90 


25-44 


15-90 


25-37 


1601 


25-30 


16-12 


25-23 


16-23 


30 


31 


26-29 


16-43 


26-22 


16-54 


26-15 


16-60 


2607 


16-77 


31 


82 


27-14 


16-96 


27-06 


1708 


26-99 


17-19 


26-91 


17-31 


32 


83 


27-99 


17-49 


27-91 


17-61 


27-83 


17-73 


27-75 


17-85 


38 


84 


28-88 


18-02 


28-75 


18-14 


28-68 


18-27 


28-60 


18-39 


34 


35 


29-68 


18-55 


29-60 


18-68 


29-52 


18-81 


29-44 


18-93 


35 


36 


ao-53 


19-08 


30-45 


19-21 


30-36 


19-34 


30-28 


19-48 


36 


87 


81-88 


19-61 


31-29 


19-74 


31-21 


19-88 


8112 


20-02 


37 


88 


32-23 


20-14 


3214 


20-28 


32-05 


20-42 


81-96 


20-56 


38 


89 


83-07 


20-67 


32-98 


20-81 


32-89 


20-95 


32-80 


21-10 


39 


40 


88-92 


21-20 


33-83 


21-34 


83-74 


21-49 


33-64 


21-64 


40 


41 


84-77 


21-73 


84-67 


21-88 


34-58 


2203 


34-48 


22-18 


41 


42 


35-62 


22-26 


85-52 


22-41 


35-42 


22-57 


35-82 


22-72 


42 


48 


36-47 


22-79 


36-37 


22-95 


36-27 


2310 


36-16 


23-20 


48 


44 


37-31 


23-82 


37-21 


23-48 


37-11 


23-64 


3701 


23-80 


44 


45 


88-16 


23-86 


38-06 


24-01 


87-95 


24-18 


37-85 


2434 


45 


46 


39-01 


24-38 


38-90 


24-55 


38-80 


24-72 


38-69 


24-88 


46 


47 


89-86 


24-91 


39-75 


2508 


39-64 


26-25 


39-58 


25-48 


47 


48 


40-71 


25-44 


40-59 


25-61 


40-48 


25-79 


40-37 


25-97 


48 


49 


41-55 


25-97 


41-44 


26-16 


41-33 


26-33 


. 41-21 


26-61 


49 


60 


42-40 


26-50 


42-29 


26-68 


42-17 


26-86 


4205 


2705 


50 


I 


Dep. 


hlL 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 
1 


68 DE9. 


67% Deg. 


67^ Deg. 


6714 Dko. 



dbyGoogk 



T&AVK&SX TABLE. 



137€ 



s 


32 Dbq. 


82^ 


Deg. 


i^t. 


Deg. 

Dep. 


i 32% 


Dbg. 


2 

■- 


I.IU. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


43*25 


2708 


4318 


27-21 


43-01 


27-40 


42*89 


27-59 


51 


52 


4410 


27-66 


43*98 


27-76 


43-86 


27*94 


43-73 


28*13 


52 


58 


44-95 


2809 


44-82 


28-28 


44-70 


28-48 


44-58 


28-67 


53 


54 


45-79 


28*62 


45-67 


28-82 


45-64 


29-01 


4V42 


29-21 


64 


55 


46-A 


29-15 


46-51 


29-35 


46-39 


29-55 


46-26 


29-76 


65 


56 


47-49 


29*68 


47-86 


29-88 


47-J3 


30-09 


47-10 


30-29 


56 


57 


48-34 


30-21 


48-21 


30-42 


4807 


30-63 


47-94 


30-84 


57 


58 


49-19 


30-74 


49-05 


80-95 


48-92 


31-16 


48-78 


31-38 


58 


50 


5003 


81-27 


49-90 


31-48 


49-76 


31-70 


49-62 


31-92 


59 


60 


50-88 


31-80 


50-74 


32-02 


50-60 


32-24 


60-46 


32-46 


60 


61 


51-73 


32-83 


61-59 


32*55 


61-46 


32-78 


51-30 


3300 


61 


62 


52-58 


32*85 


52-44 


3308 


62*29 


33-31 


5214 


83-64 


62 


63 


53-43 


8S-38 


58-28 


33*62 


5313 


33-85 


62-99 


84-08 


63 


64 


54-28 


33-91 


54-13 


34-15 


53-98 


34-39 


53-83 


84-62 


64 


65 


55-12 


84-44 


54-97 


a4-68 


64-82 


^4-92 


61-67 


85-16 


65 


66 


55-97 


M-97 


55-82 


85-22 


65-66 


85-46 


55-51 


35-70 


66 


67 


56-82 


^•60 


66-66 


35-75 


56-51 


36-00 


56-35 


36-25 


67 


68 


67-67 


36-03 


67-51 


36-29 


57-35 


36-54 


57-19 


36-79 


68 


69 


58-52 


86-56 


58 36 


36-82 


58-19 


3707 


58-03 


37-33 


69 


70 


59-36 


37-09 


50-20 


37-35 


69-04 


37-61 


58-87 


37-87 


70 


71 


60-21 


87-62 


60-05 


87-89 


59-88 


38-15 


59-71 


38-41 


71 


T2 


61-06 


88-15 


60-89 


38-42 


60-72 


38-69 


60-55 


38-96 


72 


73 


61-91 


38-68 


61*74 


38-95 


61-57 


39-22 


61-40 


39-49 


73 


74 


62-76 


89-21 


62-58 


39-49 


62-41 


39-76 


62-24 


4003 


74 


75 


63-60 


39-74 


63-43 


40-02 


63-25 


40-30 


63-08 


40-67 


75 


76 


64-45 


40-27 


64-28 


40-55 


64-10 


40-83 


63-92 


41-11 


76 


77 


65-30 


40-80 


66-12 


4109 


64-94 


41-37 


64-76 


41-65 


77 


78 


66-15 


41-33 


65-97 


41-62 


65-78 


41-91 


65-60 


42-20 


78 


79 


6700 


41-86 


66-81 


42-16 


66-63 


42-45 


66-44 


42-74 


79 


80 


67-84 


42-39 


67-66 


42-69 


67-47 


42-98 


67-28 


43-28 


80 


81 


68*69 


42-92 


68-50 


43-22 


68-31 


43-52 


68-12 


43-82 


81 


82 


69-54 


43-45 


69-35 


43-76 


69-16 


44-06 


68-97 


44-36 


82 


83 


70*89 


43-98 


70-20 


44-29 


7000 


44-60 


69-81 


44-90 


83 


84 


71-24 


44-51 


71-04 


44-82 


70-84 


4513 


70-65 


45-44 


M 


95 
86 


72*08 


4504 


71-89 


45-36 


71-G9 


45-67 


71-49 


45-98 


85 


72-93 


45-57 


72-73 


45-89 


72-53 


46-21 


72-33 


46-52 


86 


87 


73-78 


46-10 


73-58 


46-42 


73-38 


46-75 


73-17 


47-06 


87 


88 


74-63 


46-63 


74-42 


46-96 


74-22 


47.28 


7401 


47-61 


88 


89 


75-48 


47-16 


75-27 


47-49 


75-06 


47-82 


74-b5 


48-15 


89 


90 


76-32 


47-69 


76-12 


48-03 


75-91 


48-36 


75-69 


48-69 


90 


91 


77-17 


48-22 


76-96 


48-56 


76-76 


48-89 


76-53. 


49-23 


91 


92 


78-02 


48-75 


77-81 


49-09 


77-69 


49-43 


77-38 


49*77 


92 


93 


78-87 


49-28 


78-65 


49-63 


78-44 


49-97 


78-22 


50*31 


93 


94 


79-72 


49-81 


79-50 


50-16 


79-28 


50-51 


79-06 


50*85 


94 


95 


80-56 


50-34 


80-34 


50-69 


80-12 


51-04 


79-90 


51-39 


95 


96 


81-41 


60-87 


8119 


51*23 


80-97 


51-58 


80-74 


51-93 


96 


97 


82-26 


51-40 


82-04 


51-76 


81-81 


5212 


81-58 


52-47 


97 


98 


83-11 


51-93 


82-88 


52-29 


82-65 


52-66 


82-42 


63-02 


98 


99 


83-96 


52-46 


83-73 


52-83 


83-50 


63-19 


83-26 


58-56 


99 


100 


84-80 


52-99 


84-57 


53-36 


84-34 


53-73 


84-10 


54-10 


100 


1 

S 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Q 


68 DEO. 


51\ Deg. 


67^ 


Deg. 


67^ Deg. 



dbyGoogk 



I3dd 



tRAVEMS tABLK. 



5 


83 Deg. 


88^ Deg. 


381,^ 


Deg. 1 


38% Deg. 


{ 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 1 


Lat. 


Dep. 


1 


0-84 


0-54 


0-84 


0-55 


0-88 


0-55 


0-83 


0-56 


1 


2 


1-68 


1-09 


1-67 


1-10 


1-67 


1-10 


1-66 


1-11 


2 


3 


2-52 


1-63 


2-51 


1-64 


2-60 


1-66 


2-49 


1-67 


3 


4 


8-35 


2-18 


8-35 


2-19 


3-34 


2-21 


3-38 


W. 


4 


5 


419 


2-72 


4-18 


2-74 


4-17 


2-76 


416 


5 


6 


5-03 


3-27 


5-02 


3-29 


5-00 


3-31 


4-99 


3-33 


6 


7 


5-87 


3-81 


5-85 


3-84 


5-84 


3-86 


5-82 


3-89 


7 


8 


6-71 


4-36 


6-69 


4-39 


6-67 


4-42 


6-65 


4-44 


8 


9 


7-55 


4-90 


7-53 


4-93 


7-50 


4-97 


7-48 


5-00 


9 


10 


8-39 


6-45 


8-36 


5.48 


8-34 


5-52 


8-31 


6-56 


10 


11 


9-23 


5-99 


9-20 


6-08 


9-17 


607 


9-16 


6-11 


11 


12 


10-06 


6-54 


10-04 


6-58 


10-01 


6-62 


9-98 


6-67 


12 


13 


10-90 


7-08 


10-87 


7-13 


10-84 


7-18 


10-81 


7-22 


18 


14 


11-74 


7-62 


11-71 


7-68 


11-67 


7-73 


11-64 


7-78 


14 


15 


12-58 


8-17 


12-54 


8-22 


12-51 


8-28 


12-47 


8-38 


15 


16 


13-42 


8-71 


13-38 


8-77 


13-34 


8-83 


18-30 


8-89 


16 


17 


14-26 


9-26 


14-22 


9-32 


14-18 


9-38 


14-13 


9-44 


17 


18 


1510 


9-80 


15-05 


9-87 


1501 


9-93 


14-97 


10-00 


18 


19 


15-98 


10-35 


15-89 


10.42 


15-84 


10-49 


16-80 


10-56 


19 


20 


16-77 


10-89 


16-73 


10-97 


16-68 


11-04 


16-63 


11-11 


20 


21 


17-61 


11-44 


17-56 


11-51 


17-51 


11-59 


17-46 


11-67 


21 


22 


18-45 


11-98 
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26 


21-81 
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26 
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28 


29 


24-32 
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2411 


16-11 
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30-91 


46-56 


3111 


56 


57 


47-80 


3104 


47-67 


31-25 
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22 
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23 
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24 
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20-60 


14-16 


20-54 


14-25 
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26 
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27 


28 
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23-08 
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28 


29 
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29 
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17-10 


30 
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31 


82 
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32 
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33 
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62 
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68 


54 
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80-78 


64 
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55 


56 
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66 
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67 


58 
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68 
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69 


60 
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60 


61 
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84-11 


60-42 


84-38 


60-27 


84-55 
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84-77 


61 


62 


51-40 


84-67 


61-25 


84-89 
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86-12 


60-94 
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62 


63 


52-23 


85-23 


62-08 


35-46 


61-92 


86-68 


51-76 


85-91 


63 


64 


58-06 


85-79 


52-90 


86-02 
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36-25 


62-59 


86-48 


64 


65 
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36-35 
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86-68 


63-57 


86-82 
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66 


66 
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54-39 
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66 


67 
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65-87 


88-76 


68 


69 


57-20 


38-58 


67-08 


88-83 


j 66-86 


39-08 


66-69 
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70 
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71 


72 
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40-78 
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73 


74 
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60-99 


41-91 


60-80 


42-18 


74 


76 


62-18 
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75 
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43-34 
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77 
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78 
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44-46 
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64-91 


45-03 


79 


80 
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45-81 


65-73 
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80 


81 
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46-88 
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81 


82 
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45-85 
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82 
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83 


84 
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46-97 


69-43 
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69-02 


47-88 


84 
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70-26 


47-84 
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48-14 


69-84 


48-45 


85 


86 


71-30 


4809 


7109 


48-40 


1 70-87 


48-71 


70-66 


49-02 


86 


87 


7213 


48-65 


71-91 


48-96 


71-70 


49-28 1 


71-48 


49-59 


87 


88 


72-96 


49-21 


72-74 


4963 


1 72-52 


49-84 


72-30 


5016 


88 


89 


73-78 


49-77 


73-57 


50-09 


1 73-35 


50-41 


73-13 


5(»-73 


89 


90 


74-61 


50-33 


74-39 


50-65 


74-17 


60-98 


73-95 


51-30 


90 


91 


75-44 


50-89 


76-22 


51-22 


75-00 


61-54 


74-77 


51-87 


91 


92 


76-27 


51-46 


76-05 


51-78 


75-82 


62-11 


75-59 


52-44 


92 


93 


77-10 


62*00 


76-87 


52-34 


76-64 


62-68 


76-41 


63-01 


i)3 


94 


77-98 


62-66 


77-70 


62-90 


77-47 


53-24 


77-23 


53-58 


94 


95 


78-76 


6812 


78-63 


63-47 


78-29 


53-81 


7806 


64-16 


95 


96 


79-59 


63-68 


79-36 


6403 


79-12 


54-37 


78-88 


64-72 


96 


97 


80-42 


64-24 


80-18 


54-59 


79-94 


54-94 


79-70 


55-29 


97 


98 


81-25 


64-80 


81-01 


65-15 


80-76 


5^'bl 


80-52 


55-86 


98 


99 


82-07 


66-36 


81-83 


55-72 


81-69 


56-07 


81-34 


50-43 


99 


100 


82-90 


65-92 


82-66 


56-28 


82-41 


66-64 


82-16 


57-00 


100 


j 


Dep. 


Lat. 


Dop. 


Lm. 


Dep. 


Lat. 


Dep. 

66^ 


I^t.^ 

Deg. 


^ 66 DEG. 


Deo. 


50^ 


Deg. 
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TBAYBB8S TABLE. 



f 


86DEG. 


\ 

86^4 Deg. 


36J^Dbg. . 


36% 


Deg. 


J_ 


Lat. 


Dep. 


Lat. 


De^. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-82 


0-57 


0-82 


0-58 


0-81 


0-58 


0-81 


0-58 


1 


2 


1-64 


115 


1-63 


1-15 


1-63 


1-16 


1-62 


1-17 


2 


3 


2-46 


1-72 


2-45 


1-73 


2-44 


1-74 


2-43 


1.75 


3 


4 


3-28 


2-29 


3-27 


2-31 


3-26 


2.32 


3-25 


2-34 


4 


5 


410 


2-87 


4-08 


2-89 


V 4-07 


2-90 


4-06 


2-92 


5 


6 


4-91 


3-44 


4-90 


3-46 


4-88 


3-48 


4-87 


3-51 


6 


7 


5-78 


401 


5-72 


4-04 


5-70 


4-06 


5-68 


4-09 


7 


8 


6-55 


4-59 


6-53 


4-62 


6-51 


4-65 


6-49 


4-67 


8 


9 


7-37 


5-16 


7-35 


5-19 


7-33 


5-23 


7-30 


5-26 


9 


10 


819 


5-74 


8*17 


5-77 


8-14 


5-81 


8-12 


5-84 


10 


11 


9-01 


6-31 


8*98 


6-35 


8-96 


6-39 


8-93 


6-43 


11 


12 


9-83 


6-88 


9-80 


6-93 


9-77 


6-97 


9-74 


7-01 


12 


13 


10-65 


7-46 


10-62 


7-50 


10-58 


7-55 


10-55 


7-60 


13 


14 


11-47 


803 


11-43 


8-08 


11-40 


8-13 


11-36 • 


8-18 


Ji 


15 


12-29 


8-60 


12-25 


8-66 


12-21 


8-71 


12-17 


8-76 


15 


16 


13-11 


9-18 


13-07 


9-28 


1303 


9-29 


12-99 


9-35 


JS 


17 


13-93 


9-75 


13-88 


9-81 


13-84 


9-87 


13-80 


9-93 


17 


18 


14-74 


10-32 


14-70 


10-39 


14-65 


10-46 


14-61 


10-52 


18 


19 


15-56 


10-90 


15-52 


10-97 


15-47 


11-03 


15-42 


11-10 


19 


20 


16-38 


11-47 


16-33 


11-54 


16-28 


11-61 


16-23 


11-68 


20 


21 


17-20 


12-05 


1715 


12-12 


17-10 


1-2-19 


17-04 


12-27 


21 


22 


18-02 


l-i-62 


17-97 


12-70 


18-01 


12-78 


17-85 


1285 


22 


23 


18-84 


13-19 


18-78 


13-27 


18-72 


13-36 


18-67 


13-44 


23 


24 


19-66 


13-77 


19-60 


13-86 


19-54 


13-94 


19-48 


14-02 


24 


25 


20-48 


14-34 


20-42 


14-43 


20-35 


14-52 


20-29 


14-61 


25 


26 


21-30 


14-91 


23-23 


15-01 


21-17 


15-10 


21-10 


15-19 


^5 


27 


22-12 


15-49 


22-05 


15-58 


21-98 


15-68 


21-91 


15-77 


27 


28 


22-94 


16-06 


22-87 


16-16 


22-80 


16-26 


22-72 


16-36 


28 


29 


23-76 


16-63 


23-68 


16-74 


23-61 


16-84 


23-54 


16-M 


29 


30 


24-57 


17-21 


24-50 


17-31 


24-42 


1-^42 


24-35 


17-53 


30 


31 


25-39 


17-78 


25-32 


17-89 


25-24 


18-00 


26-16 


18-11 


31 


32 


26-21 


18-35 


26-13 


18-47 


26-05 


18-58 


25-97 


18-70 


32 


33 


27-08 


18-93 


26-95 


19-05 


26-8? 


19-16 1 


26-78 


19-28 


S3 


34 


27-85 


19-50 


27-77 


19-62 


27-68 


19-74 ; 


27-59 


19-86 


34 


35 


28-67 


20-08 


28-58 


20-20 


28-49 


20-32 


28-41 


20-45 


35 


36 


29-49 


20-65 


29-40 


•20-78 


29-31 


20-91 


29-22 


21-03 


36 


87 


30-31 


21-22 


30-22 


21-35 


80-12 


21-49 


30-03 


21-62 


37 


38 


31-13 


21-80 


31-03 


21-93 


80-94 


22-07 


80-84 


22-20 


38 


39 


31-95 


22-37 


31-85 


22-51 


31-75 


22-65 


31-65 


22-79 


39 


40 


32-77 


22-94 


32-67 


23-09 


32-56 


23-23 


32-46 


2337 


40 


41 


33-59 


23-52 


33-48 


23-66 


33-38 


23-81 


33-27 


23-95 


41 


42 


^4-40 


24-09 


34-HO 


24-24 


34-19 


24-39 


3409 


24-54 


42 


43 


35-22 


24-66 


35-12 


24-82 


35-01 


24-97 


34-90 


25-12 


43 


44 


36-04 


25-24 


, 35-93 


25-39 


35-82 


25-55 


35-71 


25 71 


44 


45 


36-86 


25-81 


36-75 


25-97 


36-64 


26-13 


36-52 


26-29 


45 


46 


37-68 


26-38 


37-57 


26-55 


37-45 


26-71 


37-as 


26-88 


46 


47 


38-50 


26-96 


38-38 


27-13 


38-26 


27-29 


38-14 


•27-46 


47 


48 


39-32 


27-53 


39-20 


27-70 


39-08 


27-87 


38-96 


28-04 


4H 


49 


40-14 


28-11 


40-02 


28-28 


39-89 


28-45 


39-77 


28-63 


49 


50 

i 


40-96 


28-68 


40-83 


28-86 


40-71 


29-04 


40-58 


29-21 


60 


P«p. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 


^ 66 DBG. 


64^ Dbg. 


54J^ Dbg. 


64^4 DfiG. 
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o 


35~I>£G. 


I 36\4 Deg. 


351^ •Deo. 


l! S6<^ Deg. 


1 


51 


Lat. 


Dep. 


LaU 

1 


j D«*P- 


Lat. 


DfV. 


, Lat. 


Dep. 

29-80 


41-78 


29-25 


41-65 


29-43 


Il 41-52 


29-62 


' 41-39 


51 


52 


42-60 


29-83 


42-47 


30 01 


42-33 


30-20 


: 42-20 


80-38 


52 


53 


43-42 


30-40 


43-28 


80-59 


1 4:^15 


30-78 


1 43-01 


80-97 


53 


54 


44-23 


30-97 


44-10 


31-17 


|, 43-96 


31-36 


1 43-82 


81-55 


54 


56 


45-05 


31-55 


44-92 


81-74 


44-78 


31-94 


44-64 


82-13 


55 


56 


45-87 


32-12 


45-73 


82-32 


45-59 


32-52 


45-46 


82-72 


56 


67 


46-69 


82-69 


46-55 


32-UO 


46-40 


83-10 


46-26 


3330 


57 


68 


47-51 


83-27 


47-37 


3347 


47-22 


33-68 


47-07 


33-89 


58 


69 


48-38 


33-84 


48-18 


34 05 


4803 


^-26 


47-88 


34-47 


59 


GO 


4916 


34-41 


49-00 


34-63 


48-86 


84-84 


48-69 


35-05 


60 


61 


49-97 


84-99 


49-82 


85-21 


, 49-66 


85-42 


49-51 


85-64 


61 


62 


60-79 


85-56 


60-63 


85-78 


60-48 


36-00 


50-32 


36-22 


62 


63 


61-61 


86-14 


51-46 


86-36 


61-29 


86-58 


51-13 


86-81 


63 


64 


62-43 


86-71 


52-27 


86-W 


62-10 


37-16 


61-94 


37-39 


1 64 


65 


53-24 


37-28 


53-08 


37-51 


52-92 


87-75 


62-76 


87-98 


1 65 


66 


64 06 


37-86 


53-90 


38-09 


53-73 


38-33 


63-56 


88-56 


66 


67 


54-88 


38-43 


64-71 


38-67 


64-55 


88-91 


54-38 


89-14 


67 


68 


65-70 


3900 


65-53 


39-25 


65-36 


39-49 


65-19 


39-73 


68 


69 


56-52 


39-58 


56-35 


39-82 


6617 


40-07 


1 56-00 


40-31 


69 


70 


57-34 


4016 


57-16 


40-40 


56-99 


40-65 


56-81 


40-90 


70 


71 


5816 


40-72 


67-98 


40-98 


1 57-80 


41-23 


57-62 


41-48 


71 


72 


58-98 


41-30 


68-80 


41-55 


68-62 


41-81 


58-43 


42-07 


72 


73 


59-80 


41-87 


69-61 


42-13 


69-43 


42-39 


69-24 


42-65 


73 


74 


60-62 


42-44 


60-43 


42-71 


60-24 


42-97 


6006 


43-23 


74 


75 


61-44 


4302 


61--25 


43-29 


61-06 


43-55 


60-87 


43-82 


75 


76 


62-26 


48-50 


62-06 


43-86 


61-87 


44-13 


61-68 


44-40 


76 


77 


6307 


44-17 


62-88 


44-44 


62-69 


44-71 


62-49 


44-99 


77 


78 


63-89 


44-74 


63-70 


45-02 


63-50 


45-29 


63-30 


45-57 


78 


79 


64-71 


45-31 


64-51 


45-59 


64-32 


45-88 


64-11 


46-16 


79 


80 


65-53 


45-89 


65-3% 


46-17 


65-13 


46-46 


64-98 


46-74 


80 


81 


66-35 


46-46 


66-15 


46-75 


65-94 


47-04 


65-74 


47-32 


81 


82 


6717 


4703 


66-96 


47-33 


66-76 


47-62 


66-55 


47-91 


82 


83 


67-99 


47-61 


67-78 


47-90 


67-57 


48-20 


67-36 


48-49 


83 


8i 


68-81 


48-18 


68-60 


48-48 


68-39 


48-78 


68-17 


49-08 


84 


85 


69-63 


48-75 


69-41 


49-06 


69-20 


49-36 


68-98 


49-66 


85 


86 


70-45 


49-33 


70-23 


49-63 


70-01 


49-94 


69-80 


50-25 


86 


87 


71-27 


49-90 


7105 


50--21 


70-83 


50-52 


70-61 


60-83 


87 


88 


72-09 


50-47 


71-86 


50-79 


71-64 


51-10 


71-42 


51-41 


88 


89 


72-90 


51-05 


72-68 


51-37 


72-46 


51-68 


72-23 


52-00 


« 


90 


73-72 


51-62 


73-50 


51-94 


73-27 


62-26 


73-04 


52-58 


91 


74-54 


52-20 


74-31 


52-52 


74-08 


52-84 


73-85 


53-17 


91 


92 


75-86 


52-77 


75-13 


53-10 


74-90 


53-42 


74-56 


53-75 


92 


93 


76-18 


63-34 


75-95 


53-67 


75-71 


54-01 


75-48 


54-34 


93 


n 


77-00 


53-92 


76-76 


54-25 


76-53 


54-59 


76-29 


54-92 


94 


95 


77-82 


64-49 


77-58 


54-83 


77-34 


55-17 


77-10 


55-50 


95 


96 


78-64 


55-06 


78-40 


55-41 


78-16 


55-75 


77-91 


56-09 


96 


97 


79-46 


55-64 


79-21 


55 98 


78-97 


56-33 


78-72 


56-67 


97 


98 


80-28 


56-21 


80-03 


56-56 


79-78 


56-91 


79-53 


67-26 


98 


99 


81-10 


56-78 


80-85 


5714 


80-60 


57-49 


80-35 


57-84 


99 


100 


81-92 


57-36 


81-66 


57-71 


81-41 


6807 


81-16 


58-42 


100 


Dep. 


Ut. 


Dep. 


Lat. 


Dep 


LaL 


Dep. 


o^Lat. 


y 


•b5I 


)EG. ! 


54^ 


Deg. I 


541^ 


Dbg. 


54^4 Dbg. 


j_ 
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TBA VERSE TABLE. 



» 


86 Deg. 


86^4 I>BG. 


361^ 


Dbg. 


86'^Deo. 


* 


1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-81 


0-59 


0-81 


0-59 


0-80 


0-59 


0-80 


0-eo 


1 


2 


1-62 


1-18 


1-61 


1-18 


1-61 


1-19 


1-60 


1-20 


2 


8 


2-43 


1-76 


2-42 


1-77 


2-41 


1-78 


2-40 


1-79 


3 


4 


3-24 


2-35 


3-23 


2-37 


3-22 


2-38 


8-20 


2-89 


4 


5 


405 


2-94 


4-03 


2-96 


4-02 


2-97 


4-01 


2-99 


5 


6 


4-85 


8-53 


4-84 


8-55 


4-82 


3-67 


4-81 


8-59 


6 


7 


6-66 


411 


5-66 


4-14 


5-63 


4-16 i 


6-61 


4-19 


7 


8 


6-47 


4-70 


6-45 


4-73 


6-43 


4-76 


6-41 


4.79 


8 


9 


7-28 


5-29 


7-26 


5-32 


7-28 


6-35 


7-21 


5-88 


9 


10 


8-09 


5-88 


8-06 


6-91 


8-04 


5-95 


801 


5-98 


10 


11 


8-90 


6-47 


8-87 


6-50 


8-84 


6-54 


8-81 


6-58 


IX 


32 


9-71 


7-05 


9-68 


7-10 


9-65 


7-14 


9-61 


718 


12 


13 


10-52 


7-64 


10-48 


7-69 


10-45 


7-73 


10-42 


7-78 


18 


14 


11-33 


8-23 


11-29 


8-28 


11-25 


8-33 


11-22 


8-88 


14 


15 


1214 


8-82 


1210 


8-87 


12-06 


8-92 


12-02 


8-97 


15 


16 


12-94 


9-40 


12-90 


9-46 


12-86 


952 


12-82 


9-57 


16 


17 


13-75 


9-99 


13-71 


10-05 


13-67 


10-11 


13-62 


10-17 


17 


18 


14-56 


10-68 


14-52 


10-64 


14-47 


10-71 


14-42 


10-77 


18 


10 


15-37 


1117 


15-82 


11-23 


15-27 


11-30 


16-22 


11-87 


19 


20 


1618 


11-76 


16-18 


11-83 


16-08 


11-90 


16-03 


11-97 


20 


21 


16*99 


12-34 


16-94 


12-42 


16-88 


12-49 


36-88 


12-66' 


21 


22 


17-80 


12-93 


17-74 


13-01 


17-68, 


1809 


17-68 


13-16 


22 


28 


18-61 


13-52 


18-55 


13-60 


18-49 


13-68 


18-48 


18-76 


23 


24 


19-42 


14-11 


19-85 


14-19 


19-29 


14-28 


19-23 


14-36 


24 


25 


20-23 


14-69 


20-16 


14-78 


20-10 


14-87 


20-08 


14-96 


25 


26 


21-03 


15-28 


20-97 


15-87 


20-90 


15-47 


20-88 


16-56 


26 


27 


21-84 


15-87 


21-77 


15-97 


21-70 


16-06 


21-68 


1616 


27 


28 


22-65 


16-46 


22-58 


16-56 


22-61 


16-65 


22-44 


16-76 


28 


29 


23-46 


1706 


23-39 


1716 


23-31 


17-25 


23-24 


17-85 


29 


;>o 


24-27 


17-63 


2419 


17-74 


24-12 


11»84 


24-04 


17-95 
18-55 


SO 


31 


25-08 


18-22 


25-00 


18-83 


24-92 


18-44 


24-84 


81 


32 


25-89 


18-81 


25-81 


18-92 


25-72 


19-03 


26-64 


1915 


32 


33 


26-70 


19-40 


26-61 


19-61 


26-58 


19-63 


26-44 


19-74 


88 


34 


27-51 


19-98 


27-42 


20-10 


27-33 


20-22 


27-24 


20-84 


84 


35 


28-32 


20-57 


28-23 


20-70 


28-13 


20-82 


28-04 


20-94 


85 


36 


29-12 


2116 


29-03 


21-29 


28-94 


21-41 


28-85 


21-54 


86 


37 


29-93 


21-75 


29-84 


21-88 


29-74 


22-01 


29-65 


22-14 


87 


38 


30-74 


22-34 


30-64 


22-47 


80-55 


22-60 


80-46 


22-74 


88 


39 < 


^ 31-55 


22-92 


81-45 


2306 


81-35 


23-20 


81-25 


28-38 


39 


40 


32-36 


23-51 


82-26 


23-65 


82-15 


23-79 


82-05 


23-93 


40 


41 


33-17 


24-10 


83-06 


24-24 


82-% 


24-39 
24-98 


82-85 


24-53 


41 


42 


33-98 


24-69 


33-87 


24-83 


83-76 


83-66 


25-13 


42 


43 


34-79 


25-27 


34-68 


25-43 


34-57 


25-58 


84-46 


25-73 


43 


44 


35-60 


25-86 


35-48 


26-02 


85-37 


26-17 


85-26 


26-88 


44 


45 


36-41 


26-46 


36-29 


26-61 


36-17 


26-77 


8606 


26-92 


45 


46 


37-21 


27-04 


37-10 


27-20 


36-98 


27-86 


36-86 


27-52 


46 


47 


88-02 


27-63 
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40-24 , 


50 87 


40-46 1 


50-69 


40-68 


65 


66 


5201 


40-63 


51-83 


40-86 I 


51-65 


4109 


5147 


41-31 


66 


67 


52-80 


41-25 


52-62 


41-48 1 


52-43 


41-71 ! 


52-25 


41-94 


67 


68 


53-58 


41-86 


53-40 


42-10 


53-22 


42-33 , 


53-08 


42-56 


68 


69 


54-37 


42-48 , 


54-19 


42-72 


5400 


42-95 i 


53-81 


4319 


69 


70 


5516 


43-10 


54-97 


43-34 


54-78 


43-58 


54-59 


43-81 


70 


71 


56-95 


43-71 


55-76 


43-% . 


55-57 


1 
44-20 ' 


55-37 


44-44 


71 


72 


56-74 


44-33 


56-54 


44-57 


56-35 


44-82 , 


5615 


45-07 


72 


73 


57-52 


44-94 


57-33 


45-19 


5713 


45-44 


56-93 


45-69 


73 


74 


5831 


45-56 


58-11 


45-81 


57-91 


46-07 


57-71 


46-32 


74 


75 


5910 


4617 


58-90 


46-43 


58-70 


46-69 


58-49 


46-94 


75 


76 


50-89 


46-79 


59-68 


4705 


59-48 


47-31 


59-27 


47-57 


76 


77 


60-68 


47-41 


60-47 


47-67 


60-26 


47-93 


6005 


48-20 


77 


78 


61-46 


48-02 


61-25 


48-29 


61 -<4 


48-56 


60-83 


48-82 


78 


79 


62-25 


48-64 


62-04 


48-91 


61-83 


49-18 1 


61-61 


49-45 


79 


80 


630f 


^-25 


62-83 


49-53 


62-61 


49-80 1 


62-39 


50-07 


80 


81 


'63-83 


49 87 


63-61 


50-15 f 


63-39 


1 
50-42 


6317 


50-70 


81 


82 


64-62 


50-48 1 


64-40 


50-77 1 


64-17 


5105 


63-95 


51-33 


82 


83 


65-40 


5110 1 


6518 


51-38 


64-96 


61-67 


64-73 


51«95 


83 


84 


6619 


51-72 1 


65-97 


52-00 


65-74 


62-29 


65-51 


52-58 


84 


85 


66-98 


52-33 


66-75 


52-62 


66-52 


52-91 


66-29 


5;i-20 


86 


86 


6777 


52-95 


67-54 


53-24 


67-30 


53-54 


67-07 


63-83 


86 


87 


68-56 


53-56 


68-32 


53-86 


6809 


54-16 


67-85 


64-46 


87 


88 


69-34 


54-18 


6911 


51-48 


68-87 


51-78 


68-63 


65-08 


88 


89 


7013 


54-79 


69 89 


55-10 


69-65 


55-40 


69-41 


65-71 


89 


90 


70-92 


55-41 


70-68 


55 72 


70-43 


56-03 


70-19 


56-33 


90 


91 


71-71 


66-03 


71-46 


56-34 


71-22 


56-65 


70-97 


66-96 


91 


92 


72-50 


56-64 


72-25 


56-% 


72-00 


57-27 


71-75 


57-58 


92 


93 


73-28 


57-26 


73-03 


67-58 


72-78 


57-89 


72-53 


68-21 


93 


94 


74-07 


67-87 


73-82 


5819 


73-57 


58-52 


73-31 


68-84 


94 


95 


74-86 


58-49 


74-61 


58-81 


74-36 


5914 


74-09 


59-46 


95 


96 


75-65 


5910 


75-39 


69-48 
60-05 


7513 


59-76 


74-87 


60-09 


96 


97 


76-44 


69-72 


76-18 


75-91 


60-38 


76-65 


60-71 


97 


98 


77-22 


60-33 


76-96 


60-67 


76-70 


61-01 


76-43 


61-34 


98 


99 


78-01 


60-95 


77-75 


61-29 


77-48 


61-68 


77-21 


61-97 


99 


100 


78-80 


61-67 


78-53 


61-91 


78-26 
^ Dep. 


62-26 


77-99 


62-59 


100 

i 


1 


Dep. 


.... 


Dep. 

51^ 


Lat. 

Deg. 


Lat. 


Dep. 


l.at. 


62 J 


Deg. 


Deg. 


51\ 


Deg. 



dbyGoogk 



150a 



TRAYEB8B TABLE. 



f 


39 Deg. 


39^ Deg. 


39^ Daa. 


1 89% Dbg. 


1 


Lac 


Dep. 


Lac 


Dep. 


t '-^ 


Dep. 


LaL 


Dep. 


1 


0-78 


0-63 


0-77 


0-63 


0-77 


0-64 


1 0-77 


0-64 


1 


2 


1-55 


1-26 


1-55 


1-27 


1 1-54 


1-27 


1-54 


1-28 


2 


3 


2-33 


1-89 


2-32 


1-90 


2-31 


1-91 


2-31 


1-92 


8 


4 


311 


2-62 


3-10 


2-53 


3-09 


2-54 


308 


2-66 


4 


5 


3-89 


315 


3-87 


316 


3-86 


318 


3-84 


8-20 


5 


6 


4-66 


3-78 1 


4-65 


3-80 


4-63 


3-82 


4-61 


8-84 


6 


7 


5-44 


4-41 1 


6-42 


4-43 


5-40 


4-45 


5-38 


4-48 


7 


8 


6-22 


503 


6-20 


506 


6-17 


509 


615 


6-12 


8 


9 


6-99 


5-66 


6-97 


6-69 


6-94 


5-72 


6-92 


6-75 


9 


10 


7n 


6-29 


7-74 


6-33 


7-72 


6-36 


7-69 


6-39 


10 


11 


8-55 


6-92 


8-52 


6-96 


8-49 


7-00 


8-46 


7.03 


11 


12 


9-33 


7-55 


9-29 


7-69 


9-26 


7-63 


9-23 


7-67 


12 


13 


1010 


8-18 


10-07 


8-23 


•1003 


8-27 


9-99 


8-31 


13 


14 


10-88 


8-81 


10-84 


8-86 


10-80 


8-91 


10-76 


8-95 


14 


15 


11-66 


9-44 


11-62 


9-49 


11-57 


9-54 


11-58 


9-59 


15 


16 


12-43 


10-07 


12-39 


10-12 


12-35 


10-18 

!o-8i 


12-30 


10-23 


16 


17 


13-21 


10-70 


1316 


10-76 


13-12 


13-07 


10-87 


17 


18 


13-99 


11-33 


13-94 


11-39 


13-89 


11-46 


13-84 


11-51 


18 


19 


14-77 


11-96 


14-71 


12:02 


14-66 


12-09 


14-61 


12-15 


19 


20 


15-54 


12-60 


15-49 


12-65 


16-43 


12-72 


16-38 


12-79 


20 


21 


16-32 


13-22 


16*26 


13-29 


16-20 


13-36 


1615 


13-43 


21 


22 


1710 


13-84 


17-04 


13-92 


16-98 


13-99 


16-91 


14-07 


22 


23 


17-87 


14-47 


17-81 


14-55 


17-75 


14-63 


17-68 


14-71 


28 


'24 


18-65 


1510 


18-59 


1518 


18-52 


15-27 


18-45 


15-35 


24 


25 


19-43 


15-73 


19-36 


15-82 


19-29 


15-90 


19-22 


15-99 


25 


26 


20-21 


16-36 


20-13 


16-45 


20-06 


16-54 


19-99 


16-68 


26 


27 


20-98 


16-99 


20-91 


17-08 


20-83 


17-17 


20-76 


17-26 


27 


28 


21-76 


17-62 


21-68 


17-72 


21-61 


17-81 


21-53 


17-90 


28 


29 


22-54 


18-25 


22-46 


18-35 


22-38 


18-45 


22-.'» 


18-54 


29 


30 


23-31 


18-88 


23-23 


18-98 


23-15 


1908 


23-07 


19-18 


30 


31 


2409 


19-51 


24-01 


19-61 


23-92 


19-72 


23-88 


19-82 


31 


32 


24-87 


20-14 


24-78 


20-25 


24-69 


20-35 


24-60 


20-46 


32 


33 


25-65 


20-77 


25-55 


20-88 


25-46 


20-99 


l»-37 


21-10 


33 


34 


26-42 


21-40 


26-33 


21-51 


26-24 


21-63 


26-14 


21-74 


34 


35 


27-20 


2203 


27-10 


22-14 


27-01 


22-26 


26-91 


22-38 


35 


36 


27-98 


22-66 


27-88 


22-78 


27-78 


22-90 


27-68 


23-02 


36 


37 


28-75 


23-28 


28-65 


23-41 


28-55 


23-53 


28-45 


23-66 


37 


38 


29-53 


23-91 


29-43 


24-04 


29-32 


24-17 


29-22 


24-30 


38 


39 


30-31 


24-54 


30-20 


24-68 


3009 


24-81 


29-98 


24-94 


39 


40 


31-09 


25-17 


30-98 


25-31 


30-86 


25-44 


30-75 


25-58 


40 


41 


31-86 


25-80 


31-75 


25-94 


31-64 


26-08 


31-52 


26-22 


41 


42 


32-64 


26-43 


32-52 


26-57 


32-41 


26-72 


32-29 


26-86 


42 


43 


33-42 


27-06 


33-30 


27'21 


33-18 


27-35 


8306 


27-50 


43 


44 


a4-19 


27-69 


3407 


27-84 


33-95 


27-99 


83-83 


28-14 


44 


45 


84-97 


28-32 


34-85 


28-47 


34-72 


28-62 


84-60 


28-77 


45 


46 


35-75 


28-95 


35-62 


2910 


85-49 


29-26 


35-87 


29-41 


46 


47 


36-53 


29-58 


36-40 


29-74 


36-27 


29-90 


86-14 


80-05 


47 


48 


37-30 


30-21 


37-17 


30-37 


37-04 


30-54 


36-90 


80-69 


48 


49 


38-08 


30-84 


37-95 


81-00 


37-81 


31-17 


37-67 


81-33 


49 


50 

i 
s 


38-86 


31-47 


38-72 


31-64 


38-58 


31-80 
I.at. 


38-44 


31-97 


50 

i 


Dep. 


Lat. 


Dcp. 


Lat. 


1 Dep. 


Dep. 


lAL 


1 


51 


Deg. 


50% 


Deg. 


501^ 


Deg. 


50% 


Deg. 


1 
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TBAVKRBK TABUS. 



IMa 



1 


89 DBG. 


S9I4 I>«». 1 


391.^ Deg. 


Z9\ 

Lat. 


Djeo. 

Dep. 


1 


Lat. 


1 

Dep. 


Lat. 


Dep. 


L«L 


Dep. 


51 


39-63 


82-10 


39-49 


82*27 


39-35 


.'1 -'O 

32*44 


39*21 


82*61 


51 


52 


40-41 


32-72 


40-27 


82*90 


4012 


3308 


89*98 


88*25 


52 


58 


41-19 


83-35 


41-04 


83*58 


40*90 


33-71 


. 40-75 


83*89 


03 


54 


41-97 


33-98 


41-82 


84*17 


41*67 


34-35 


i 41-52 


34*53 


64 


55 


42-74 


34-61 


42-59 


84*80 


42*44 


34-98 


, 42-'29 


35-17 


55 


56 


43-52 


35-21 


43-37 


35*43 


43-21 


35-62 


1 4306 


35-81 


56 


57 


44-30 


35-87 


44-14 


86-06 


43-98 


36-26 


43-82 


36-45 


67 


58 


45-07 


36-50 


44-91 


36*70 


44*75 


36-89 


44-59 


87-09 


58 


59^ 


45-85 


3718 


45-69 


37*33 


4d-58 


37-53 


1 45*36 


37-73 


59 


60 


46-63 


37-76 


46-46 


37*96 


46*30 


38*16 


j 46-13 


38-37 


60 


61 


47-41 


38*39 


47-24 


38*60 


47*07 


38*80 


46*90 


89*01 


61 


62 


48-18 


3902 


48*01 


39*23 


47-84 


39*44 


47*67 


89*65 


62 


68 


48-96 


39-65 


, 48*79 


89-86 


48*61 


4007 


1 48-44 


40-28 


63 


64 


49-74 


40-28 


49*66 


40*49 


49*38 


40*71 


49-21 


40*92 


64 


65 


60-61 


40-91 


60*34 


4113 


6016 


41*35 


1 49-97 


41*56 


65 


66 


51-29 


41-54 


6111 


41*76 


50*93 


41*98 


, 60-74 


42*20 


66 


67 


5207 


4216 


51*88 


42*39 


51-70 


42*62 


51-51 


42*84 


67 


68 


52-85 


42-79 


62-66 


43*02 


52-47 


43*25 


' 52-28 


43*48 


68 


69 


; 53-52 


43-42 


53-43 


43*66 


53-24 


43*89 


, 5305 


44*12 


69 


70 


54-40 


44-05 


54*21 


44-29 


54-01 


44-53 


1 53*82 


44*76 


70 


71 


56-18 


44-68 


54*98 


44*92 


54*79 


45-16 


, 54*59 


45-40 


71 


72 


56-95 


45-31 


55*76 


45*55 


55*56 


45*80 


1 55*36 


46-04 


72 


78 


56-73 


46-94 


66-53 


46-19 


56-33 


46-43 


' 56-18 


46-68 


73 


74 


67-61 


46-57 


57-31 


46-82 


5710 


47-07 


j 56-89 


47-32 


74 


75 


58-29 


47-20 


58-08 


47-45 


57-87 


47-71 


1 57*66 


47-96 


75 


76 


60-06 
69-^ 


47-83 


58-85 


48-09 


58-64 


48-34 


• 58*43 


48-60 


76 


77 


48-46 


59-63 


48-72 


59-42 


48-98 


I 59*20 


49-24 


77 


78 


60-62 


49-09 


60-40 


49-35 


6019 


49-61 


i 59-97 


49-88 


78 


79 


61-39 


49-72 


6118 


49-98 


60-96 


50-25 


1 60-74 


50-52 


79 


80 


6217 


50-35 


61-95 


50*62 


6i-73 


50*89 


61-51 


61*16 


80 


81 


62-95 


60-97 


62*73 


51*25 


62*50 


51-52 


62*28 


51*79 


81 


82 


63-73 


51-60 


63*60 


51-88 


63*27 


52-16 


! 6304 


52*43 


82 


83 


64-50 


52-23 


M-27 


52-51 


64*04 


52-79 


63-81 


53*07 


83 


84 


65-28 


52-86 


65-05 


5315 


64-82 


53-43 


64-58 


53-71 


84 


85 


6606 


58-49 


65-82 


53-78 


65*59 


M-07 


j 65-35 


54*35 


85 


86 


66-83 


5412 


66-60 


54-41 


66*36 


M-70 


6612 


54*99 


86 


87 


67-61 


54-75 


67-37 


55*05 


6713 


65-34 


66-89 


55-63 


87 


88 


68-39 


55-38 


' 68-15 


55-68 


67*90 


55-97 


67-66 


56-27 


88 


89 


6917 


56-01 


68-02 


66-32 


68-67 


56-61 


68-43 


56-91 


89 


90 


69-94 


56-64 


69-70 


56-94 


69-45 


57-26 


69-20 


67*55 


90 


91 


70-72 


57-27 


70*47 


57-58 


70*22 


57-88 


69*96 


58*19 


91 


92 


71-50 


57-90 


71-24 


58-21 


70*99 


58-52 


70*73 


58*83 


92 


93 


72-27 


58-53 


72-02 


58-84 


71*76 


59-16 


71-50 


59*47 


93 


94 


7305 


59-16 


72-79 


59-47 


72-53 


59-79 


72*27 


60*11 


94 


95 


73-83 


59-77 


73-57 


6011 


73-30 


60-43 


73-04 


60-75 


95 


96 


74-61 


60-41 


74*34 


60-74 


7408 


61-06 


73*81 


61*39 


96 


97 


75-38 


6104 


75*12 


61-37 


74-85 


61-70 


74-58 


6203 


97 


98 


76-16 


61-57 


75-89 


62*01 


75-62 


62*34 


75-35 


62-66 


98 


99 


76-94 


62-30 


76-66 


62*64 


76-39 


62*97 


76-12 


63-30 


99 


100 


77-71 


62-93 


77*44 


63*27 


77*16 


63-61 


76-88 


63-94 


100 


^ 


Dcp. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


~~ 




















a 


61 J 


[)EQ. 


60% 


Dkg. 


60J>ij 


Deg. 


60^ 


Deg. 
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152a 



TSAYSB8E TABLE. 



g 


. 40 Deg. 


Wk 


Dbg. 


403>^Deg. 


40<^DEG. 


2 


f 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dtlp. 


1- 


1 


0-77 


0-64 


0-76 


0-66 


0-76 


0-65 


o-Te 


0*65 


I 


2 


1-53 


1-29 


1-58 


1-29 


1-52 


1-30 


i 


1-31 


2 


8 


2-30 


1-98 


2-29 


1-94 


2-28 


1-95 


1*96 


8 


4 


306 


2-57 


8-05 


2-58 


804 


2-60 


«08 


2-61 


4 


5 


3-88 


3-21 


8-82 


3-28 


8-80 


8-25 


8-79 . 


8*26 


5 


6 


4-60 


3-86 


4-58 


8-88 


4-56 


8-90 


4-65 


8*92 


6 


7 


5-36 


4-50 


5-34 


4-52 


5-32 


4-55 


6-30 


4*67 


7 


8 


613 


5-14 


6-11 


5-17 


6-08 


5-20 


606 


6*22 


8 


9 


6-89 


5-79 


6-87 


6-^ 


6-84 


6-84 


6-82 


6-87 


9 


10 


7-66 


6-43 


7-68 


6-46 


7-60 


6-49 


7-68 


6*53 


10 


11 


8-48 


7-07 


8-40 


7-11 


8-36 


7-14 


8-38 


718 


11 


12 


919 


7-71 


9-16 


7-75 


9-12 


7-79 


9-09 


7*88 


12 


13 


9-96 


8-36 


9-92 


8-40 


9-89 


8-44 


» J? 


8*49 


18 


14 


10-72 


9-00 


10-69 


905 


10-66 


9-09 


10-61 


9-14 


14 


15 


11-49 


9-64 


11-45 


969 


11-41 


9-74 


11-86 


9-79 


15 


16 


12-28 


10-28 


12-21 


10-34 


1217 


10-89 


12-12 


10-44 


16 


17 


1802 


10-98 


12-97 


10-98 


12-98 


11-04 


12-88 


1110 


17 


18 


13-79 


11-57 


18-74 


11-68 


18-69 


11-69 


13-64 


11-75 


18 


19 


14-55 


12-21 


14-50 


12-28 


14-45 


12-34 


14*89 


12-40 


19 


20 


15-32 


12-86 


16-26 


12-92 


15-21 


12-99 


15-16 


1806 


20 


21 


1609 


18-50 


16-08 


18-57 


15-97 


13-64 


16-91 


18*71 


21 


22 


16-85 


14-14 


16-79 


14-21 


16-78 


14-29 


16-67 


14-86 


22 


23 


17-62 


14-78 


17-55 


14-86 


17-49 


14-94 


17-42 


16*01 


23 


24 


18-39 


15-43 


18-82 


15-51 


18-25 


15-69 


18-18 


15-67 


24 


25 


3915 


1607 


1908 


16-15 


19-01 


16-24 


18-94 


16*82 


25 


26 


19-92 


16-71 


19-84 


16-80 


19-77 


16-89 


19-70 


16-97 


26 


27 


20-68 


17-36 


20-61 


17-45 
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64-91 


57-93 


87 


88 


66-41 


67-73 


6616 


58-02 


' 65-91 


58-31 


65-65 


58 60 


88 


89 


67-17 


58-39 


66-91 


58-68 


' 66-66 


68-97 


66-40 


59-26 


89 


90 


67-92 


69-05 


67-67 


69-34 


1 67-41 


59-64 


67-15 


69-93 


90 


91 


68-68 


69-70 


68-42 


60-00 


68-15 


60-30 


67-89 


60-60 


91 


92 


69-43 


60-36 


1 6917 


60-66 


68-90 


60-96 


68-64 


61-26 


92 


98 


70-19 


61-01 


' 69-92 


61-32 


69-65 


61-62 


m-ss 


61-93 


93 


94 


70-94 


61-67 


70-67 


61-98 


70-40 


62-29 


7013 


62-59 


94 


95 


7170 


62-33 


71-43 


62-64 


71-15 


62-95 


70-88 


63-26 


95 


96 


72-45 


62-98 


' 72-18 


63-30 


71-90 


63-61 


71-62 


63-92 


96 


97 


78-21 


63-64 


72-93 


63-96 


72-65 


64-27 


72-37 


64-59 


97 


98 


73-96 


64-29 


73-68 


64-62 


73-40 


64-94 


73-11 


65-26 


98 


99 


74-72 


64-95 


74-43 


65-28 


74-15 


65-60 


73-86 


65-92 


99 


100 


75-47 


65-61 


75-18 


65-93 


74-90 


66-26 
Lat. 


74-61 
Dep. 


66-59 


100 

i 


S 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


> 49] 


[)£G. 


48% 


Deq. 


i 483^ 


Dbg. 


4814 


Dbg. 


.2 



dbyGoogk 



:56a 



TBAVBBSE TABLE. 



f 


42 Deq. 


42^ BEG. 


42^ DEQ. 


42<^ Deo. 


f 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0-74 


0-67 


0-74 


0-67 


0-74 


0-68 


0-73 


0-68 


1 


2 


1-49 


1-34 


1-48 


1-84 


1.47 


1-85 


1-47 


1-86 


2 


3 


2-23 


201 


2-22 


2-02 


2-21 


2-03 


220 


2-04 


3 


4 


2-97 


2-68 


2-96 


2-69 


2-95 


2-70 


2-94 


2-72 


4 


6 


3-72 


3-35 


3-70 


3*36 


3-69 


3-38 


3-67 


8-89 


5 


6 


4-46 


401 


4-44 


4-03 


4-42 


4-05 


4-41 


4-07 


6 


7 


5-20 


4-68 


5-18 


4-71 


5-16 


4-73 


5-14 


4-76 


7 


8 


5-96 


5-35 


5-92 


5-38 


5-90 


5-40 


5-87 


6-43 


8 


9 


6-69 


6-02 


6-66 


6-05 


6-64 


6-08 


6-61 


6-11 


9 


10 


7-48 


6-69 


7-40 


6-72 


7-87 


6-76 


7-84 


6-79 


10 


11 


817 


7-36 


8-14 


7-40 


8-11 


7-43 


8-08 


7-47 


11 


12 


8-92 


8-03 


8-88 


8-07 


8-85 


8-11 


8-81 


8-15 


12 


13 


9-66 


8-70 


9-62 . 


8-74 


9-56 


8-78 


9-65 


8-82 


13 


14 


10-40 


9-37 


10-86 


9-41 


10-32 


9-46 


10-28 


9-50 


14 


15 


1115 


10-04 


1110 


10-09 


11-06 


10-13 


11-01 


10-18 


15 


16 


11-89 


10-71 


11-84 


10-76 


11-80 


10-81 


11-75 


10-86 


16 


17 


12-68 


11-38 


12-58 


11-43 


12-53 


11-48 


12-48 


11-64 


17 


18 


13-88 


12-04 


13-32 


12-10 


13-27 


1216 


13-22 


12-22 


18 


19 


14-12 


12-71 


14-06 


12-77 


14-01 


12-84 


13-95 


12-90 


19 


20 


14-86 


13-88 


14-80 


13-45 


14-75 


13-51 


1469 


13-58 


20 


21 


15-61 


14-06 


15-54 


14-12 


15-48 


14-19 


15-42 


14-25 


21 


22 


16-35 


14-72 


16-28 


14-79 


16-22 


14-86 


16-16 


14-93 


22 


23 


17-09 


15-39 


1702 


15-46 


16-96 


15-54 


16-89 


15-61 


23 


24 


17-84 


16-06 


17-77 


1614 


17-69 


16-21 


17-62 


16-29 


U 


25 


18-58 


16-73 


18-51 


16-81 


18-43 


16^89 


18-36 


16-97 


25 


26 


19-32 


17-40 


19-25 


17-48 


19-17 


17-57 


1909 


17-65 


26 


27 


20-06 


18-07 


19-99 


18-15 


19-91 


18-24 


19-83 


18-33 


27 


28 


20-81 


18-74 


20-73 


18-83 


20-64 


18-92 


20-56 


19-01 


28 


29 


21-55 


19-40 


21-47 


19-50 


21-38 


19-69 


21-30 


19-69 


•29 


30 


22-29 


20'07 


22-21 


20-17 


22-12 


20-27 


22-03 


20-36 


30 


31 


23-04 


20-74 


22-95 


20-84 


22-86 


20-94 


22-76 


•21-04 


31 


32 


23-78 


21-41 


23-69 


21-52 


23-59 


21-62 


23-50 


21-72 


32 


38 


24-52 


22-08 


24-43 


22-19 


24-33 


22-29 


24-23 


22-40 


33 


34 


25-27 


22-75 


25-17 


22-86 


25-07 


22-97 


24-97 


23-08 


34 


35 


26-01 


23-42 


25-91 


23-53 


25-80 


23-65 


25-70 


23-76 


35 


36 


26-75 


24-09 


26-65 


24-21 


26-54 


24-32 


26-44 


24-44 


36 


37 


27-50 


24-76 


27-39 


24-88 


27-28 


2500 


27-17 


2512 


37 


38 


28-24 


25-43 


2813 


25-55 


28-02 


25-67 


27-90 


25-79 


38 


39 


28-98 


2610 


i 28-87 


26-22 


28-75 


26-35 


28-64 


•26-47 


39 


40 


29-73 


26-77 


29-61 


26-89 


29-49 


27-02 


29-37 


27-15 


40 


41 


30-47 


27-43 


30-85 


27-57 


30-28 


27-70 


30-11 


27-83 


41 


42 


31-21 


2810 


1 31-09 


28-24 


30-97 


28-37 


30-84 


28-51 


42 


43 


31-96 


28-77 


1 81-83 


28-91 


31-70 


29-05 


31-58 


2919 


43 


44 


32-70 


29-44 


32-57 


29-58 


32-44 


29-73 


32-31 


29-87 


44 


45 


33-44 


3011 


1 38-31 


:w-26 


33-18 


30-40 


3804 


80-55 


45 


46 


3418 


30-78 


3405 ; 30-93 


33-91 


31-08 


33-78 


31-22 


46 


47 


34-93 


31-45 


34-79 


31-60 


34-65 


31*75 


34-51 


81-90 


47 


48 


35-67 


3212 


35-53 


32-27 


35-39 


32-43 


35-25 


32-58 


48 


49 


36-41 


32-79 


1 36-27 


32-95 


36-13 


38-10 


35-98 


33-26 


49 


60 


37-16 


33-46 


i 3701 
Dep. 


33-62 


36-86 


33-78 


36-72 


33-94 


50 


5 


Dep. 


Lat. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


] 


48DBQ. 


47% Deg. 


47^ 


Deo. 


4714 


DEO. 



dbyGoogk 



TBAVSR8B TABLS. 



167a 



f 


42 Dkg. 


42^ Beg. 


42^ DE6. 


42% Dkg. 


2 

1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


37-90 


3413 


87-75 


84-29 


37 60 


84 46 


87-45 


84-62 


51 


52 


38-64 


84-79 


88-49 


84-96 


88-84 


8518 


88-18 


85-80 


52 


53 


39-39 


35-46 


89-23 


85-64 


89-08 


86-81 


88-92 


85-98 


53 


54 


4018 


3613 


89-97 


36-31 


89-81 


86-48 


89-65 


86-66 


54 


55 


40-87 


36-80 


40-71 


86-98 


40-55 


87-16 


40-39 


87-83 


55 


56 


41-62 


37-47 


41-45 


87-65 


41-29 


87-83 


41-12 


88-01 


56 


57 


42-36 


88-14 


42-19 


88-32 


4202 


88-51 


41-86 


88-69 


57 


58 


43-10 


88-81 


42-93 


89-00 


42-76 


89-18 


42-59 


89-87 


58 


59 


43-86 


39-48 


43-67 


89-67 


43-50 


89-86 


43-82 


40-05 


59 


60 


44-59 


40-15 


44-41 


40-84 


44 21 


40-54 


44-06 


40-73 


60 


61 


45-33 


40-82 


45-15 


41-01 


44-97 


41-21 


44-79 


41-41 


61 


62 


46-07 


41-49 


46-89 


41-69 


45-71 


41-89 


45-53 


42-09 


62 


63 


46-82 


42-16 


46-63 


42-86 


46-45 


42-56 


46-26 


42-76 


63 


64 


47-56 


42-82 


47-37 


48-03 


47-19 


43-24 


4700 


43-44 


64 


65 


48-30 


43-49 


48-11 


43-70 


47-92 


43-91 


47-73 


4412 


65 


66 


49-05 


44-16 


48*85 


44-88 


48-66 


44-59 


48-47 


44-80 


66 


67 


49-79 


44-83 


49-59 


45-06 


49-40 


45-26 


49-20 


45-48 


67 


68 


50-53 


45-50 


60-33 


45-72 


50-18 


45-94 


49-93 


4616 


68 


69 


51-28 


46-17 


51-07 


46-39 


50-87 


46-62 


50-67 


46-84 


69 


70 


52-02 


46-84 


51-82 


4707 


51-61 


47-29 


51-40 


47-52 


70 


71 


52-76 


47-51 


52-56 


47-74 


52-35 


47-97 


52-14 


48-19 


71 


72 


53-51 


48-18 


53-HO 


48-41 


53-08 


48-64 


52-87 


48-b7 


72 


73- 


64-25 


48-85 


54-04 


49-08 


53-82 


49-32 


53-61 


49-55 


73 


74 


54-99 


49-52 


54-78 


49-76 


M-56 


49-99 


54-34 


50-23 


74 


75 


65-74 


60-18 


55-52 


50-43 


55-30 


50-67 


65-07 


50-91 


75 


76 


66-48 


50-85 


56-26 


51-10 


56-03 


51-34 


55-81 


51-59 


76 


77 


67-22 


51-52 


57-00 


51-77 


56-77 


52-02 


56-54 


52-27 


77 


78 


67-97 


62-19 


57-74 


52-44 


57-61 


52-70 


57-28 


52-95 


78 


79 


58-71 


62-86 


58-48 


5312 


58-24 


53-37 


58-01 


53-63 


79 


80 


59-45 


68-53 


59-22 


53-79 


58-98 


54 05 


68-75 


54-30 


80 


81 


60-19 


54-20 


59-96 


54-46 


59-72 


54-72 


59-48 


54-98 


81 


82 


60-94 


54-87 


60-70 


55-13 


60-46 


&5-40 


60-21 


65-66 


82 


83 


61-68 


55-54 


61-44 


55-81 


61-19 


56-07 


60-95 


56-34 


83 


84 


62-42 


56-21 


62-18 


56-48 


6193 


56-75 


61-68 


67-02 


84 


85 


63-17 


56-88 


62-92 


57-15 


62-67 


57-48 


62-42 


57-70 


85 


86 


62-91 


57-58 


63-66 


57-82 


6:^-41 


68-10 


63-15 


68-38 


86 


87 


64-66 


68-21 


64-40 


58-50 


64-14 


58 78 


63-89 


59-06 


87 


88 


65-40 


58-88 


65-14 


59-17 


64-88 


59-45 


64 62 


59-73 


88 


89 


6614 


59-55 


6.3-88 


59-84 


65-62 


60-13 


65-35 


60-41 


89 


90 


66-88 


60-22 


66-62 


60-51 


66-35 


60-80 


66-09 


61-09 


90 


91 


67-63 


60-89 


67-36 


61-19 


67-09 


61-48 


66-82 


61-77 


91 


92 


68-87 


61-56 


68-10 


61-86 


67-83 


62-15 


67-56 


62-45 


92 


93 


69-11 


62-23 


68-84 
69-55 


62-53 


68-57 


62-83 


68-29 


63-13 


93 


94 


69-86 


62-90- 


63-20 


69-80 


63-51 


69-03 


63-81 


94 


95 


70-60 


63-67 


70-32 


63-87 


70-04 


6418 


69-76 


64-49 


95 


96 


71-84 


64-24 


71-06 


64-55 


70-78 


64-86 


70-49 


6516 


96 


97 


7208 


64-91 


71-80 


65-22 


71-52 


65-53 


71-23 


65-84 


97 


98 


72-83 


65-57 


72-54 


65-89 


72-25 


66-21 


71-96 


66-52 


98 


99 


73-57 


66-24 


73-28 


66-56 


72-99 


66-88 


72-70 


67-20 


99 


100 


74-31 


66-91 


7402 


67-24 


73-73 


67-56 


78-43 


67-88 


100 


T 


Dep. 


Lat. 


Dtp. 


Lat. 


D«p. 


Lat. 


Dep. 


Lat. 


] 


48 Deo. 


47% 


Deg. 


47J^ 


DfiG. 


47^4 Beg. 



dbyGoogk 



158a 



I^AA VERSA TABLE. 



f 


43 Dec. 


4354 Deg. 1 


431^ Deg. 


43%i Deg. ' 


• 

f 


Ul 


1 

Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. i 

1 


1 


0-78 


0-68 


0-78 


0-69 


0-73 


0-69 


0-72 


0-69 


1 


2 


1*46 


1-86 


1-46 


1-87 


1-45 


1-38 


1-44 


1-38 


2 


3 


2*19 


2-05 


2-19 


2-06 


2-18 


2-07 


217 


2-07 


8 


4 


2-93 


2-78 


2-91 


2-74 


2-90 


2-75 


2-89 


2-77 


4 


5 


8-66 


8-41 


8-64 


3-43 


8-63 


8-44 


8-61 


3-46 


5 


6 


4-39 


4-09 


4-87 


4-11 


4-35 


413 


4-38 


415 


6 


7 


5-12 


4-77 


610 


4-80 


5-08 


4-82 


5-06 


4-84 


7 


8 


5-85 


6-46 


5*88 


6-48 


6-80 


6-51 


6-78 


5-53 


8 


9 


6-58 


6-14 


6-56 


• 6-17 


6-53 


6-20 


6-50 


6-22 


9 


10 


7-31 


6-82 


7-28 


6-85 


7-25 


6-88 . 


7-22 


6-92 


10 


11 


8-04 


7-50 


8-01 


7-54 


7-98 


7-57 


7-95 


7-61 


11 


12 


8-78 


8-18 


8-74 


8-22 


8-70 


8-26 


8-67 


8-30 


12 


13 


9-51 


8-87 


9-47 


8-91 


9-43 


8-95 


9-39 


8-99 


13 


14 


10-24 


9-55 


10-20 


9-59 


10-16 


9-64 


1011 


9-68 


14 


15 


10-97 


10-23 


10-98 


10-28 


10-88 


10-83 


10-84 


10-37 


15 


16 


11-70 


10-91 


11-65 


10-96 


11-61 


1101 


11-56 


11-06 


16 


17 


12-43 


11-50 


12-38 


11-65 


12-33 


11-70 


12-28 


11-76 


17 


18 


13-16 


12-28 


13-11 


12-38 


13-06 


12-39 


13-00 


12-46 


18 


19 


13-90 


12-96 


13-84 


18-02 


13-78 


18-08 


13-72 


13-14 


19 


20 


14-63 


13-64 


14-57 


13-70 


14-51 


13-77 


14-45 


13-88 


20 


21 


15-36 


14-32 


15-30 


14-89 


15-23 


14-46 


1517 


14-52 


21 


22 


16-09 


15-00 


16-02 


15-07 


15-96 


15-14 


15-89 


15-21 


22 


28 


16-82 


15-60 


16-75 


15-76 


16-68 


15-83 


16-51 


15-90 


23 


24 


17-55 


16-37 


17-48 


16-44 


17-41 


16-52 


17-34 


16-60 


24 


25 


18-28 


17-05 


18-21 


17-13 


1818 


17-21 


18-06 


17-29 


25 


26 


19-02 


17-78 


18-94 


17-81 


18-86 


17-90 


18-78 


17-98 


26 


27 


19-75 


18-41 


19-67 


18-50 


19-59 


18-59 


19-50 


18-67 


27 


28 


20-48 


19-10 


20-39 


1919 


20-31 


19-27 


20-23 


19-36 


28 


29 


21-21 


19-78 


2112 


19-87 


21-04 


19-96 


20-96 


20-05 


29 


80 


21-94 


20-46 


21-85 


20-56 


21-76 


20-65 


21-67 


20-75 


80 


81 


22-67 


21-14 


22-58 


21-24 


22-49 


21-34 


22-39 


21-44 


31 


82 


23-40 


21-82 


23-31 


21-93 


23-21 


22-03 


23-12 


22-13 


82 


83 


24-13 


22-51 


24-04 


22-61 


23-94 


22-72 


23-84 


22-82 


83 


84 


24-87 


2319 


24-76 


23-30 


24-66 


28-40 


24-56 


23-51 


84 


85 


25-60 


23-87 


25-49 


23-98 


25-39 


24-09 


25-28 


24-20 


85 


36 


26-38 


24-55 


26-22 


24-67 


26-11 


24-78 


2601 


24*89 


^ 


37 


27-06 


25.28 


26-95 


25-36 


26-84 


25-47 


26-73 


25-59 


88 


27-79 


25-92 


27-68 


2604 


27-56 


26-16 


27-45 


26-28 


38 


89 


28-52 


26-60 


28-41 


26-72 


28-29 


26-85 


28-17 


26-97 


89 


40 


29-25 


27-28 


2913 


27-41 


29-01 


27-58 


28-89 


27-66 


40 


41 


29-99 


27-96 


29-86 


28-09 


29-74 


28-22 


29-62 


28-35 


41 


42 


30-72 


28-64 


30-69 


28-78 


80-47 


28-91 


80-34 


29-04 


42 


43 


31-45 


29-38 


31-32 


29-46 


8119 


•29-60 


81-06 


29-74 


43 


44 


82-18 


80-01 


32-05 


80-15 


31-92 


80-29 


81-78 


80-43 


44 


45 


82-91 


80-69 


32-78 


80-83 


82-64 


80-98 


82-51 


81-12 


45 


46 


83-64 


81-37 


83-51 


31-52 


83-37 


31-66 


83-28 


31-81 


46 


47 


84-37 


32-05 


84-23 


82-20 


84-09 


32-85 


83-95 


82-50 


47 


48 


35-10 


82-74 


34-96 


32-89 


34-82 


83-04 


84-67 


83-19 


48 


49 


35-84 


83-42 


35-69 


83-57 


85-54 


83-73 


35-40 


88-88 


49 


50 


36-57 


34-10 


36-42 


34-26 
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64-77 


66-05 


65-06 


92 


93 


66-90 


64-60 


66*62 


64*89 


66*33 


66-18 


66-05 


65-47 


65-76 


65-76 


93 


94 


67-62 


65*30 


67*33 


66-69 


67*05 


65-89 


66*76 


66-18 


66-47 


66-47 


94 


95 


68*34 


65-99 


68-06 


66-29 


67*76 


66-59 


67-47 


66-88 


6*7-18 


67-18 


95 


96 


69-06 


66-69 


68-76 


66-99 


68-47 


67-29 


68-18 


67-69 


67-88 


67-88 


96 


97 


69-78 


67*38 


69-48 


67-69 


6919 


67-99 


68-89 


68-29 


68-59 


68-69 


97 


98 


70-60 


68*08 


70-20 


68-38 


69-90 


68-69 


69-60 


68-99 


69-30 


69-30 


98 


99 


71-21 


68*77 


70-91 


69*08 


70*61 


60-39 


70-31 


69-70 


70-00 


7000 


99 


100 


71-93 


69-47 


71-63 


69-78 


71-33 


70-09 


71-02 


70-40 


70-71 


70-71 


100 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 




46 Deg, 


46% Deg. 


45^ Deg. 


46% Deg. 


46 Deg. 
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SQUAEES, CUBES, SQUARE AND CUBE ROOTS OF 
NUMBERS. 



No. 


Squares. 


Gnbes. . 


Square Roots. 


Cnbe Roots. 


Reolprocals. 


1 


1 


1 


1-0000000 


1-0000000 


•100000000 


2 


4 


8 


1-4142136 


1-2599210 


•500000000 


3 


9 


27 


1-7320508 


1-4422496 


•333833333 


4 


16 


64 


2-0000000 


1-5874011 


•260000000 


5 


25 


125 


2-2360680 


1-7099759 


•200000000 


6 


36 


216 


2-4494897 


1-8171206 


'166666667 


7 


49 


343 


2-6467513 


1-9129312 


•142867143 


8 


64 


512 


2-8284271 


2-0000000 


•126000000 


9 


81 


729 


3-0000000 


2-0800837 


•111111111 


10 


100 


1000 


3-1622777 


2-1644347 


'100000000 


11 


121 


1331 


3-3166248 


2-2239801 


-090909091 


12 


144 


1728 


3-4641016 


2-2894286 


-083833333 


13 


169 


2197 


3-6055513 


2-3513347 


•076923077 


14 


196 


2744 


3-7416574 


2-4101422 


•071428571 


15 


225 


3375 


3-8729833 


2-4662121 


•066666667 


16 


256 


4096 


4-0000000 


2-5198421 


-062600000 


17 


289 


4913 


41281056 


2-6712816 


058823529 


18 


324 


5832 


4-2426407 


3-6207414 


•055555556 


19 


361 


6859 


4-3588989 


2-6684016 


•062631579 


20 


400 


8000 


4-4721360 


2-7144177 


•050000000 


21 


441 


9261 


4-5826757 


2-7589243 


•047619048 


22 


484 


10648 


4-6904158 


2-8020393 


•046464545 


23 


529 


12167 


4-7958315 


2-8438670 


•043478261 


24 


576 


13824 


4-8989795 


2-8844991 


•041666667 


25 


625 


15625 


6-0000000 


2-9240177 


-040000000 


26 


676 


17576 


5-0990195 


2-9624960 


•038461688 


27 


729 


19683 


5'1961524 


3-0000000 


•037037037 


28 


784 


21952 


6-2916026 


30365889 


-035714286 


29 


841 


24389 


6-3851648 


3-0723168 


•034482759 


30 


900 


27000 


6-4772266 


3-1072325 




31 


961 


29791 


6-5677644 


3-1413806 


-032258065 


32 


1024 


32768 


6-6568642 


3-1748021 


•031250000 


33 


1089 


35937 


6-7445626 


3-2075343 


•030303030 


34 


1156 


39304 


5-8309519 


3-2396118 


•029411765 


35 


1226 


42875 


6-9160798 


3-2716663 


028571429 


36 


1296 


46656 


6-0000000 


3-3019272 


•027777778 


37 


1369 


50653 


60827626 


3-3322218 


•027027027 


38 


1444 


54872 


6-1644140 


3-3619754 


•026315789 


39 


1521 


59319 


6-2449980 


3-3912114 


-025641026 


40 


1600 


64000 


6-3245553 


3-4199519 


•025000000 


41 


1681 


68921 


6-4031242 


3-4482172 


•024390244 


42 


1764 


74088 


6-4807407 


3-4760266 


•023809524 


43 


1849 


79507 


6-5574385 


3-5033981 


-023255814 


44 


1936 


85184 


6-6332496 


3-5303483 


•022727273 


45 


2025 


91125 


6-7082039 


3-55G8933 


•0?22222?2 


46 


2116 


97336 


6-7823300 


3-5830479 


•021739130 


47 


2209 


103823 


6-8556546 


3-6088261 


-021276600 


48 


2304 


110592 


6-9282032 


3-6342411 


•020833333 


49 


2401 


117649 


70000000 


3-6593057 


-020408163 


60 


2500 


125000 


7-0710678 


3-6840314 


•020000000 
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BQUABBS, CUBB8, 8QUARK AND CUBE ROOTS. 



IfiSVl 



Square Boots. 



Redprooals. 



1 

52 
58 
54 
56 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 



70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 



90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 



2704 
2809 
2916 
8625 
8186 
8249 
8364 
8481 
8600 
8721 
8844 
8969 
4096 
4225 
4856 
4489 
4624 
4761 
4900 
6041 
6184 
5829 
6476 
6625 
6776 
6929 
6084 
6lftl 
6400 
6561 

6724 

6889 

7056 

7225 

7396 

75C9 

7744 

7921 

8100 

8281 

8464 

8649 

8836 

9025 

9216 

9409 

9604 

9^01 
10000 
10201 
10404 
10609 
10816 
11025 
11216 
11449 
11664 
11881 
12100 
1'23-21 I 
12544 I 



182651 
140608 
148877 
157464 
166375 
175616 
185198 
195112 
205379 
216000 
226981 



250047 
262144 
274625 
287496 
800768 
314432 



843000 
857911 
873248 
889017 
405224 
421875 
438976 
456583 
474552 



512000 
531441 
551368 
671787 
592704 
614125 
636056 
658503 
681472 
704969 
729000 
753571 
778688 
804357 
830584 
857375 
884736 
912673 
941192 
970299 
1000000 
1030301 
1061208 
1092727 
1124864 
1157625 
1191016 
1225043 
1259712 
1295029 
1331000 
1367631 
1404928 



71414284 

7-2111026 

7-2801099 

7-3484692 

7-4161985 

7-4883148 

7-5498844 

7-6157781 

7-6811457 

7-7459667 

7-8102497 

7-8740079 

7-9872539 

8-0000000 

8*0622577 

8-1240884 

8-1858528 

8-2462118 

8-8066289 . 

8-3666003 

8-4261498 

8*4852814 

8-5440087 

8-6023253 

8-6602540 

8-7177979 

8-7749644 

8-8317609 

8-8881944 

8-9442719 

9-0000000 

9-0553851 

9-1104386 

9-1651514 

9-2195446 

9-2736185 

9-8273791 

9-3808315 

9-4389811 



9-5893920 
9-5916630 
9-6486508 
9-6953597 
9-7467943 
9-7979590 
9-8488578 
9-8994949 
9-9498744 
10-0000000 
10-0498756 
10-0995049 
101488916 
10-1980390 
10-2469508 
10-2956301 
10-3440804 
10-3923048 
10-4403065 
10-4880885 
10-5356588 
10-5880062 



8-7084298 


-019607843 


8-7825111 


•019230769 


8-7562858 


-018867925 


8-7797631 


-018518519 


8-8029525 


-018181818 


8-8258624 


-017857143 


3-8485011 


-017543860 


8-8708766 


•017241379 


8-8929965 


-016W9153 


3-9148676 


-016666667 


3-9364972 


-016393443 


8-9578915 


-0161-29032 


3-9790571 


-015873016 


4-0000000 


-0156250C0 


4-0207256 


-015384615 


4-0412401 
4-0615480 


•015151515 


•014925.S73 


4-0816551 


-014705882 


4-1015661 


•014492754 


4-1212853 


•014285714 


4-1408178 


•014084517 


41601676 


-013888889 


4-1793390 


-013698630 


41983364 


-013513514 


4-2171633 


-013333333 


4-2858236 


-013157895 


4-2543210 


-012987013 


4-2726586 


-0128-20513 


4-2908404 


•0126o8228r 


4-3088695 


•012500000 


4-3267487 


•012345679 


4-3444815 


-012195122 


4-3620707 


•012048193 


4-3795191 


-011904762 


4-3968-296 


•011764706 


4-4140049 


•0116-27907 


4-4310476 


•011494253 


4-4479692 


-011363636 


4-4647451 


•011235955 


4-4814047 


'011111111 


4-4979414 


-010989011 


4-5143574 


-010869565 


4-5306549 


•010752688 


4-5468359 


•01063821»8 


4-5629026 


•010526316 


4-5788570 


•010416667 


4-5947009 


•010309278 


4-6104363 


•010204082 


4-6260650 


-010101010 


4-6415888 


•010000000 


4-6570095 


•009900990 


4-6723287 


-0098039-22 


4-6875482 


-009708738 


4-7026694 


-009615385 


4-7176940 


-009523810 


4-73'26-235 


-009433962 


4-7474594 


-009345794 


4-7622032 


•009259259 


4-7768562 


•009174312 


4-7914199 


•009090909 


4-8a58995 


•009009009 


4-8202845 


•008928571 
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SQUARES, CUBES, SQUARE AND CUBE BOOTS. 



No. 


^^. 


Cubes. 


Square Roots- 


CubeBooU. 






118 


12769 


1442897 


10-6801458 


4-8345881 


•008849558 




114 


12996 


1481544 


10-6770783 


4-8488076 


-008771980 




115 


18225 


1520875 


10-7288053 


4-8629442 


-008695662 




116 


18456 


1560896 


10-7703296 


3-8769990 


•008020690 




117 


18689 


1601613 


10-8166538 


4-8909732 


•008547009 




118 


13924 


1643032 


10-8627805 


4-9048681 


•008474676 




119 


14161 


1685159 


10-9087121 


4-9186847 


-008403861 




120 


14400 


1728000 


10-9544M2 


5-9324242 


•008333883 




121 


14G41 


1771561 


llOOOOOOO 


4-9460874 


•008-264463 




122 


14834 


1815848 


11-0453610 


4-9596757 


•008196721 




12-3 


15129 


1860867 


11-0906365 


4-9731898 


-008130061 




124 


15376 


1906624 


111355287 


4-9866310 


-008064516 




125 


15625 


1953125 


11-1808399 


5-00(K)000 


-00800001(0 




lua 


15876 


2000376 


11-2249722 


5-0132979 


-007a:wjo08 




127 


16129 


2048883 


11-2694277 


5-0265257 


-007874016 




128 


16384 


2097152 


11-3137085 


50396842 


-00781 2S00 




12'J 


16W1 


2146689 


11-3578167 


5-0527748 


•007751938 




liK) 


16900 


2197000 


11-4017648 


5-0657970 


-007692308 




131 


17161 


2248091 


11-4455281 


5-0787581 


-007638668 




132 


17424 


2299968 


11-4891258 


5-0916484 


•007576758 




133 


17689 


2352637 


11-5825626 


6-1044687 


•0O7518797 




1*4 


17956 


2406104 


11-5758869 


5-1172299 


•007462687 




135 


18225 


2460375 


11-6189600 • 


5-1299278 


•007407407 




m\ 


18196 


251M56 


U-6619038 


51425682 


•007352941 




137 


18769 


2571358 


11-7046999 


6-1551367 


•007299270 




138 


19044 


2628U72 


U-7478444 


61676498 


•007-i46877 




139 


19321 


2685619 


11-789^261 


5-1801016 


-007194245 




140 


19600 


2744000 


11-8821696 


5-1924941 


•00714-2857 




. 141 


19881 


2803221 


11-8748421 


5-2048279 


•007092199 




142 


20164 


2863288 


11-9168753 


5-2171034 


•007042254 




148 


20449 


2924207 


11-9582607 


6-2298215 


•006993007 




144 


20736 


29859*4 


12-0000000 


5-2414828 


•006944444 




145 


21025 


3»)48625 


12-0415946 


5-2535879 


•006S96552 




146 


21316 


8112186 


12-0830460 


5-2656474 


•006»4ft315 




1+7 


21609 


8176528 


12-1243667 


5-2776321 


•006802?2l 




148 


21904 


. 8:«1792 


121655251 


6-2895725 


•006756757 




149 


22201 


3807949 


12-2065666 


5-3014592 


•0067114J»9 




150 


22500 


8375000 


12-2474487 


5-3132928 


•006606667 




151 


22801 


3442951 


12-2882057 


5-3250740 


•006622517 




152 


23104 


3511008 


12-3'288280 


5-3368033 


•006578947 




153 


2*409 


3581577 


12-3693169 


5-34^812 


•006535948 




154 


23716 


3652264 


12-4096736 


5-3601084 


•006493506 




155 


24025 


87'28875 


12-4498996 


5-3716854 


*006451613 




156 


24336 


379fr416 


12-4899960 


6-8832126 


•006410256 




157 


24649 


: 869893 


12-5299641 


• 6-3946907 


•0063694.'? 




158 


24964 


3im312 


12-5698051 


6-4061-202 


■006S291H 




159 


25281 


4019679 


12-6095202 


5-4175015 


•OOG289306 




160 


25600 


4096000 


12-6491106 


5-428885i 


•006250000 




161 


25921 


4173281 


12-6885775 


6-4401218 


•00621U80 




162 


26244 


4251528 


12-7279221 


5-4613618 


•006172S4e 




163 


26569 


4830747 


12-7671463 


5-46'25556 


*0061St9G9 




164 


26896 


4410W4 


12-8062485 


5-4737037 


•00609Z561 




165 


27225 


4492125 


12-8452326 


&-4H48066 


-006060606 




166 


27556 


4574296 


12-8840987 


5-4958017 


•006Q2M06 




167 


27889 


4657463 


12-9'228480 


5-5068784 


009988Q24 




168 


28224 


4741632 


12-9614.S14 


6-5178484 


•005952881 




1(J9 


28561 


4826809 


13-0000000 


6-5287748 


•005917160 




170 


28900 


49130»»0 


13-9384048 


5-5896588 


•005882363 




171 


29241 


5000211 


13-0766968 


5-6604991 


•006847V63 




172 


29584 


5088448 


131148770 


5-5612978 


•0058iaB6» 




173 


29929 


5177717 


13-15294fr4 


5-5720546 


•005780017 




174 


30276 


5268024 


13-1909060 


5-5827702 


•005747126 
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SQUAitXS, 0UBB8, SQUAfilB AND CUBS fiOOtS. 



165a 



S<iiisrea. 



Bedprooals. 



175 


80625 


5859875 


13-2287566 


5*5984447 


•006714286 


176 


30976 


5451776 


13-2664992 


5-6040787 


•005681818 


177 


31329 


5545233 


13-3041847 


5-6146724 


•005649718 


178 


81684 


5639752 


13-3416641 


5-6252263 • 


•005617978 


179 


32041 


5735339 


13-3790882 


5-6357408 


•005586592 


180 


82400 


5882000 


18-4164079 


5-6462162 


•005555'.56 


181 


82761 


5929741 


13-4586240 


5-6566528 


•006524862 


182 


38124 


6028568 


13-4907376 


5-6670511 


•005494505 


183 


38489 


6128487 


18-5277498 


5-6774114 


•005464481 


184 


82856 


6229504 


13-5646600 


5-6877340 


•005484783 


185 


84225 


6331625 


13-6014705 


5-6980192 


•0 •5405405 


186 


84596 


6434856 


13-6881817 


5-7082675 


•005376344 


187 


34969 


6539203 


18-6747943 


5-7184791 


•005347594 


188 


85344 


6644672 


18-7113092 


5-7286548 


•005319149 


189 


85721 


6751269 


18-7477271 


5-7387936 


•005291005 


190 


86100 


6859000 


13-7840488 


5-7488971 


•005263158 


191 


86481 


6967871 


13-8202750 


5-7589652 


•005235602 


192 


26864 


7077888 


13-8564065 


5-7689982 


•005208333 


193 


87249 


7189017 


13-8924440 


5-7789966 


005181347 


194 


876:^6 


7301384 


13 9283883 


5-7889604 


005154639 


195 


88025 


7414875 


13-9642400 


5-7988900 


605128205 


196 


88416 


7529536 


14-0000000 


5-8087857 


•005102041 


197 


38809 


7645378 


140356688 


5-8186479 


-005076142 


198 


89201 


7762392 


14-0712473 


5-8284767 


' -005050505 


199 


39601 


7880599 


141067360 


5-8382725 


-005025126 
-005000000 


200 


40000 


8000000 


14-1421356 


5-8480355 


201 


40401 


8120601 


141774469 


5-8577660 


-004975124 


202 


40804 


8242408 


14-2126704 


5-8674648 


•00495O49> 


203 


41209 


8365427 


14-2478068 


5-8771307 


•004926108 


204 


41616 


8489664 


14-2828569 


5-8867658 


•004901961 


205 


42025 


8615125 


14-8178211 


5-8968685 


•004878049 


206 


42436 


8741816 


14-8527001 


5-9059406 


•004854369 


207 


42849 


8869743 


14-8874946 


5-9154817 


•004830918 


208 


43264 


8998912 


14-4222051 


5-9249921 


•004807692 


209 


436S1 


9129329 


14-4568323 


6-9344721 


•004784689 


210 


44100 


9261000 


14-4913767 


5-9439220 


-004761905 


211 


44521 


9393931 


14-5258390 


5-9533418 


-004739336 


212 


44944 


9528128 


14-5602198 


5-9627320 


-004716981 


213 


45369 


9663597 


14-5945195 


5-97209-26 


•004694836 


214 


45796 


9800344 


14-6287388 


6-9814240 


•004672897 


215 


46225 


9938375 


14-6628783 


6-9907264 


-004651163 


216 


46656 


10077696 


14-6969385 


6-0000000 


•0046296;«) 


217 


47089 


10218313 


14-7309199 


6-0092450 


-004608295 


218 


47524 


10360232 


14'7648-231 


6-0184617 


-004587156 


219 


47961 


10503459 


14-7986486 


6-0276502 


004566210 


220 


48400 


10648000 


14-8323970 


6-0368107 


-004545455 


221 


48841 


10793861 


14-8660687 


6-04594:^ 


-004524887 


222 


49284 


10941048 


14-8996644 


6-0550489 


-0045045O'» 


223 


49729 


11089567 


14-9331845 


6-0641270 


•004484305 


224 


50176 


11239424 


14-9666295 


6-0731779 


-004464286 


225 


50625 


11390625 


15-0000000 


6-082-2020 


-004444444 


226 


51076 


11543176 


15-033i964 


6-0911994 


•004424779 


227 


51529 


11697083 


15-0665192 


6-1001702 


-004405286 


228 


51984 


11852352 


15-0996689 


61091147 


•004385965 


229 


52441 


12008989 


15-1327460 


6-1180332 


•004366812 


2^0 


52900 


12167000 


15-1607509 


5-1269257 


-0O434782(> 


231 


53361 


12326391 


15-198rt842 


6-1357924 


-004329004 


232 


53824 


12487168 


15-231 5 162 


6-1446337 


•004310345 


233 


54289 


12649337 


15-2643375 


6-1534495 


•004291815 


234 


54756 


12812904 


l.V2970;-)85 


6-1622401 


•004273504 


235 


65225 


12977875 


15-3297097 


6-1710058 


•004255319 


236 


55696 


13144256 


15-3622915 


6-1797466 


•004237288 
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66a 



BQCA&fiS, CUBB8, 8QUABB AND CCBB ROOTS. 



No. 


Sq«»rai. 


Cubes. 


Square Boots. 


Cube Roots. 


B0ciprucal<. 


237 


66169 


18312068 


15-3948043 


6-1884628 


•004219409 


238 


56644 


18481272 


15-4272486 


61671M4 


•00420168L 


239 


57121 


18651919 


15-4606248 


6-2058218 


'004184100 


240 


57660 


18824000 


15*4919834 


6-2144650 


-004166667 


241 


58081 


18997521 


16-6241747 


6-2230848 


-004149878 


242 


58564 


14172488 


16-5668492 


6-2316797 


•004182231 


243 


69049 


14848907 


15-6884573 


6-2402516 


•004115226 


244 


69636 


14526784 


15-6204994 


6-2487998 


•004098361 


245 


60026 


14706126 


15-6624768 


6-2673248 


•0O4«'816:« 


246 


60516 


14886986 


16-6848871 


6-2658266 


•ur>1065041 


247 


61009 


15069223 


15-7162836 


6-2743054 


-004048583 


248 


61504 


16262992 


15-7480167 


6-2827613 


■001032258 


249 


62001 


16488249 


15-7797838 


6-2911946 


•0040160W 


250 


62500 
63001 


16626000 


15'8118883 


6-2996053 


•004000000 


251 


16818251 


16-8429795 


6-8079935 


•008984064 


262 


63504 


16008008 


15-8745079 


6-8163596 


-00:i968-254 


253 


64009 


16194277 


15-9059737 


6-3247035 


-008952569 


251 


64516 


16887064 


16-9378775 


6-3330256 


•003937008 


255 


65026 


16681875 


15-9687194 


6-8418257 


•0039215'-.9 


256 


65636 


16777216 


16-0000000 


6-3496012 


•003906250 


257 


66049 


16974593 


160812195 


6-3578611 


•00889ia'>l 


258 


666Q 


17173512 


160628784 


6-3660968 


•008875969 


259 


67081 


17878979 


160934769 


6-3743111 


•008861004 


260 


67605 


17676000 


16-1245166 


6-8825043 


•008W6164 


261 


68121 


17779681 


16-1664941 


6-3906765 


•008831418 


262 


68644 


17984728 


161864141 


6-3988279 


-003816794 


263 


69169 


18191447 


16-2172747 


6-4069585 


•003802281 


264 


69696 


18399744 


16-2480768 


6-4160687 


-003787879 


265 


70225 


18609626 


16-2788206 


6-4231583 


-O- .3773585 


266 


70756 


18821096 


16-8095064 


6-4312276 


•0037593!« 


267 


71289 


19034163 


16-8401846 


6-4392767 


-003745318 


268 


71824 


19248832 


16-8707055 


6-4478067 


-003731343 


269 


72361 


19465109 


16-4012195 


6-4553148 


-003717472 


270 


72900 


19683000 


16-4316767 


6-4633041 


-003703704 


271 


73441 


19902611 


16-4620776 


6-4712736 


•003690037 


272 


73984 


20123648 


16-4924225 


6-4792236 


-003676471 


273 


74529 


20346417 


16-5227116 


6-4871541 


-00366S0(H 


274 


75076 


20570824 


16-5529464 


,6-4950653 


•003649635 


275 


75625 


20796876 


16-6831240 


6-5029572 


•003636364 


276 


76176 


21024576 


16-6132477 


6-5108300 


-008623188 


277 


76729 


21253933 


16-6433170 


6-5186839 


•003610108 


278 


77284 


21484952 


16-6783320 


6-5265189 


•003597122 


279 


77841 


21717639 


16-7032931 


6-5343351 


•003584229 


280 


78400 


21952000 


16-7332005 


6-6421326 


•008571429 


281 


78961 


22188041 


16-7630546 


6-5199116 


•003558719 


282 


79524 


22425768 


16-7928556 


6-6576722 


•003546099 


283 


80089 


22665187 


16-8226038 


6-5654144 


-003533569 


284 


80656 


22906304 


16-8522995 


6-5731385 


•003522127 


285 


81225 


23149126 


16-8819430 


6-5808413 


•003508772 


286 


81796 


23393656 


16-9115345 


6-5885323 


•003496503 


287 


82369 


23639903 


16-9410743 


6-6962023 


•003484321 


288 


82944 


23887872 


16-9705627 


6-6038546 


•003472222 


289 


83521 


24137569 


170000000 


6-6114890 


•003460-208 


290 


84100 


24389000 


170293864 


6-6191060 


•003448276 


291 


84681 


24642171 


17-0687221 


6-6267054 


•00343&426 


292 


85264 


1M897088 


17-0880075 


6-6342874 


•00*124658 


293 


85849 


25153757 


171172428 


6-6418522 


•003412969 


294 


8643H 


25412184 


17-1464282 


6-6493998 


•003401361 


295 


87025 


26672376 


17-1755640 


6-6569302 


•003389831 


296 


87616 


25934836 


17-2046505 


6-6644437 


•003378378 


297 


88209 


26198073 


17-2336879 


6-6719408 


•003367008 


298 


88804 


26463592 


17-2626765 


6-6794200 


•003355706 



dbyGoogk 



8QUAUEB. CUBB, SQCABB AVD COBB BOOK. 



ie7a 



K,. 1 


Sqout.. 


CabH. 


S^mrBmU. 


CabeBMMs. 


Bedpm^ts. 


299 


89101 


26730899 


17-2916165 


6-68688S1 


-008344482 


800 


90000 


27000000 


17-S2D6081 


6-6943296 


•003333383 


301 


90601 


272709U1 


17-8498516 


6-7017S96 


•0083?'?'?5<» 


522 


91201 


27543608 


17-8781472 


6-7091729 


•O0831V258 


303 


91809 


27818127 


17-4068952 


6-7165700 


-008301330 


304 1 


92416 


28094464 


17-4355958 


6-7289608 


-003289474 


305 1 


98025 


2S3726-.'S> 


17-4642492 


6-7313155 


-008278689 


306 I 


93636 


28652616 


17-4928557 


6-7386641 


•008267974 


307 


94249 


28934443 


17-5214155 


6-7459967 


•008257329 


308 ' 


94864 


29218112 


17-5499288 


6-7533134 


•003246753 


309 , 


95481 


29503629 


17-5783958 


6-7606143 


•008236246 


310 1 


96100 


29791000 


17-6068169 


6-7678995 


•00:W5S06 


311 


96721 


30080231 


17-6351921 


6-7751690 


•008215434 


312 


975M4 


30371328 


17-6635217 


6-7824229 


-003205128 


313 


97969 


30664297 


17-6918060 


6-7896613 


•003194888 


314 


98596 


80959144 


17-7200451 


6-7968844 


•003184713 


315 


99225 


31255875 


17-7482898 


6-8040921 


-00317460:i 


816 


99856 


81554496 


17-7763888 


6-8112847 


•0031W557 


817 


100489 


31855013 


17-8044988 


6*81^620 


•008154574 


818 


101124 


32157432 


17-8325&45 


6-8256242 


-008144654 


819 


101761 


32461759 


17-8605711 


6-8327714 


•003134796 


820 


102400 


82768000 


17-8886438 


6-8399037 


-003125000 


321 


108041 


33076161 


17-9164729 


6-8470213 


•0031152(')5 


822 


103684 


3:«8e248 


17-9443584 


6-8541240 


-003105590 


^ 


104329 


33698267 


17-9722008 


6-8612120 


•003095975 


824 1 


104976 


34012224 


18-0000000 


6-8682855 


•003086420 


825 


105625 


34328125 


180277564 


6-8753448 


•003076923 


826 


106276 


34645976 


18-0554701 


6*8823888 


•0a3067485 


827 


106929 


34965783 


18-0831413 


6-8894188 


•003068104 


828 


107584 


35287552 


181107703 


6-8964345 


•003048780 


829 


108241 


35611289 


18-1383571 


6-9084359 


•003039514 


830 


108900 


85987000 


18-1659021 


6-9104232 


•003030303 


831 


109561 


36-2^691 


181934054 


6-9173964 


•003021148 


832 


110224 


36594368 


18-2208672 


6-9243556 


•003012048 


833 


110889 


36926087 


18-2482876 


6-9818008 


•0030(l3(i()3 


834 


111556 


87259704 


18-2756669 


6.-9882321 


•0025)94012 


835 


112225 


37595375 


18-3030052 


6-9461496 


•0029S5075 


336 


112896 


37933056 


18-3308028 


6-9520533 


•00297611)0 


837 


113569 


38272753 


18-3575598 


6-9589434 


•002907851) 


838 


114244 


38614472 


18-3847763 


6-9658198 


•002958580 


839 


114921 


88958219 


18-4119526 


6-9726826 


•0021M9H,".3 


840 


115600 


39304000 


18-4390889 


6-9795321 


•002941176 


341 


116281 


39651821 


18-4661853 


6-9863681 


•002932551 


342 


116964 


40001688 


18-4932420 


6-9931906 


•002923977 


843 


117649 


40353607 


18-5202592 


7-0000000 


•002915452 


814 


118336 


40707584 


18-5472370 


7-0067962 


•002906977 


345 


119025 


41063625 


18-5741756 


7-0135791 


•002898551 


346 


119716 


41421736 


18-6010752 


7-0203490 


•002890178 


347 


120409 


41781923 


18-6279360 


7-0271058 


•002881811 


348 


121104 


42144192 


18-6647681 


7-0338497 


•002H7:r><;M 


349 


121801 


42508549 


18-6815417 


7-0405806 


•00*2865:W0 


350 


122500 


42875000 


18-7082869 


7-0472987 


•0028.'>714H 


351 


123201 


43243551 


18-7349940 


7-a540041 


•002849003 


352 


1239(M 


43614208 


18-7616680 


7-0606967 


•00284 01HH» 


353 


124609 


43986977 


18-7M82942 


7-0673767 


•0r)28.M2>«;i 


354 


125316 


44361864 


18-8148877 


7074O44O 


•0028218.')!) 


355 


126025 


44738875 


18-8414437 


7-0806988 


•00281 61HJ1 


356 


126736 


45118016 


18-8679623 


7-0873411 


•WMtHm) 


357 


127449 


45499293 


18-8944436 


7-0939709 


•002801120 


358 


128164 


45882712 


18-9208879 


7-1005885 


•002793*296 


359 


128881 


46268279 


18-9472953 , 


7-1071937 


•0027K'>515 


360 


129600 


46656000 


18-9736660 


7-1137866 


•002777778 


i 








Digitized by VJ 


oogle^ 



168a 



8QUABK8, OlTfitt, 8QTTA1IS AND OtTfiS ftOOM. 



No. 


Sqoarei. 


Cubes. 


Sqau« Boots. 


Cube Boots. 


Bedprocals. 


861 


130321 


47045881 


19-0000000 


7-1203674 


•002770088 


362 


131044 


47437928 


190262976 


7-1269860 


-002762481 


863 


181769 


47882147 


19-0625589 


7-1834925 


•002754821 


364 


132496 


48228544 


190787840 


7-1400370 


•002747253 


365 


133225 


48627125 


191049732 


7-1465695 


•002739726 


366 


133956 


49027896 


191311265 


7-1530901 


•002732240 


367 


134689 


49430868 


191572441 


71595988 


•002724796 


368 


135424 


49886032 


19-1833261 


7-1660957 


•002717891 


369 


136161 


60243409 


19-2098727 


7-1725809 


-002710027 


370 


136900 


50653000 


19-2858841 


7-1790544 


•002702708 


371 


137641 


51064811 


19-2618603 


7-1855162 


•002695418 


372 


138384 


51478848 


19i2873015 


7-1919668 


•002688172 


373 


139129 


51896117 


19-3132079 


7-1984050 


•002680965 


374 


139876 


52313624 


19-3390796 


7-2048322 


•002673797 


375 


140625 


52784375 


19-3649167 


7-2112479 


•002666667 


376 


141376 


53157376 


19-8907194 


7-2176522 


-002659574 


377 


142129 


53582633 


19-4164878 


7-2240450 


•002652520 


378 


142884 


54010152 


19-4422221 


7-2304268 


•002645503 


379 


143641 


54439939 


19-4679223 


7-2367972 


•002638521 


380 


144400 


54872000 


19-4935887 


7-2431565 


•002631579 


381 


145161 


55306341 


19-5192213 


7-2495046 


•002624672 


382 


145924 


55742968 


19-5448203 


7-2558415 


-002617801 


383 


146689 


56181887 


19-5708858 


7-2621675 


-002610966' 


384 


147456 


56623104 


19-5959179 


7-2681824 


•002604167 


385 


148225 


57066625 


19-6214169 


7-2747864 


-002597403 


386 


148996 


57512456 


19-6468827 


7-2810794 


-002590674 


387 


149769 


57960603 


19-6723156 


7-2873617 


•002583979 


388 


150544 


58411072 


19-6977156 


7-2936330 


•002577320 


389 


151321 


58863869 


19-7230829 


7-2998936 


•002570694 


390 


152100 


69319000 


19-7484177 


7-3061436 


•002564103 


391 


152881 


59776471 


19-7737199 


7-3123828 


•002567545 


392 


153664 


60236288 


19-7989899 


7-3186114 


•002551020 


393 


154449 


60698457 


19-8242276 


7-8248295 


•002544529 


394 


155236 


61162984 


19-8494332 


7-3310369 


•002538071 


395 


156025 


61629875 


19-8746069 


7-3372339 


•002581646 


396 


156816 


62099136 


19-8997487 


7-3434205 


•002625253 


397 


157609 


62570773 


19-9248588 


7-3495966 


•002618892 


398 


158404 


63044792 


19-9499373 


7'3557624 


•002512563 


399 


159201 


63521199 


19-9749844 


7-3619178 


-002606266 


400 


160000 


64000000 


20-0000000 


7-3680630 


•002500000 


401 


160801 


64481201 


20-0249844 


7-3741979 


-002493766 


402 


161604 


64964808 


20-0499377 


7-3803227 


•002487562 


403 


162409 


65450827 


20-0748599 


7-3864378 


•002481390 


404 


163216 


65939264 


20-0997512 


7-3925418 


•002475248 


405 


164025 


66430125 


20-1246118 


7-3986863 


•002469136 


406 


164836 


66923416 


20-1494417 


7-4047206 


•002463064 


407 


165649 


67419143 


20-1742410 


7-4107950 


•002467002 


408 


166464 


67917312 


20-1990099 


7-4168595 


•002450980 


409 


167281 


68417929 


20-2237484 


7-4229142 


•002444988 


410 


168100 


68921000 


20-2484567 


7-4289589 


-002439024 


411 


168921 


69426531 


20-2731349 


7-4349938 


•002433090 


412 


169744 


69934528 


20-2977831 


7-4410189 


•002427184 


413 


170569 


70444997 


20-3224014 


, 7-4470342 


-002421308 


414 


171396 


70957944 


20-3469899 


7-4530399 


•002415459 


415 


1722^ 


71473875 


20-3715488 


7-4590359 


•002409639 


416 


173056 


71991296 


20-3960781 


7-4650223 


•002406846 


417 


173889 


72511713 


20-4205779 


7-4709991 


•002898082 


418 


174724 


73034632 


20-4450483 


7-4769664 


-002892344 


419 


175561 


73560059 


20-4694895 


7-4829242 


•002886636 


420 


176100 


74088000 


20-4939015 


7-4888724 


•002880952 


421 


177241 


74618461 


20-5182845 


7-4948113 


•002875297 


422 


178084 


75151448 


20-5426886 


7-5007406 


•002860668 
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SQUARES, CUBES, SQUARE AND CUBE ROOTS. 



160a 



No. 


Squares. 


Cubes. 


Square Roots. 


Cube Boots. 




423 


178929 


75686967 


20-5669638 


7-5066607 


•002364066 


424 


179776 


76225024 


20-5912603 


7-6125715 


•002368491 


425 


180625 


76765625 


20-6155281 


7-5184730 


•002352941 


426 


181476 


77308776 


20-6397674 


7-5243652 


•002347418 


427 


182329 


77854483 




7-5302482 


•002341920 


428 


183184 


78402752 


20-6881609 


7-5361221 


•002336449 


429 


184041 


78953689 


20-7123162 


7-5419867 


•002331002 


430 


184900 


79507000 


20-7364414 


7-5478423 


•002325681 


431 


185761 


80062991 


20-7605395 


7-5536888 


•002320186 


432 


186624 


80621568 


20-7846097 


7-5595263 


•002314816 


433 


187489 


81182737 


20-8086520 


7-6663548 


•002309469 


4^ 


188356 


81746504 


20-8326667 


7-5711743 


•002304147 


435 


189225 


82312875 


20-8566536 


7-5769849 


•002298851 


436 


190096 


82881856 


20-8806130 


7-5827865 


•002293578 


437 


190969 


83453453 


20-9045450 
20-9284495 


7-5886793 


•002288330 


438 


191844 


84027672 


7-5943633 


•002283106 


439 


192721 


84604519 


20-9623268 


7-6001385 


•002277904 


440 


193600 


85184000 


20-9761770 


7-6059049 


•002272727 


441 


194481 


85766121 


21-0000000 


7-6116626 


•002267574 


442 


195364 


86350888 


21-0237960 


7-6174116 


•002262443 


443 


196249 


86938307 


21-0476662 


7-6281519 


•002257336 


444 


197136 


87528384 


21-0713076 


7-6288837 


•00-2252252 


445 


198025 


88121125 


21-0950231 


7-6346067 


•002247191 


446 


198916 


88716536 


21-1187121 


7-6403213 


•002242152 


447 


199809 


89314623 


211423745 


7-6460272 


•002237136 


448 


200704 


89915392 


211660105 


7-6517247 


•002232143 


449 


201601 


90518849 


21-1896201 


7-6574138 


•002227171 


450 


202500 


91125000 


21-2132034 


7-6680943 


•002222222 


451 


203401 


91733851 


21-2367606 


7-6687666 


•002217295 


452 


204304 


92345408 


21-2602916 


7-6744803 


•002212389 


453 


295209 


92959677 


21-2837967 


7-6800857 


•002207506 


454 


206116 


93576664 


21-3072758 


7-6857328 


•002202643 


455 


207025 


94196376 


21-3307290 


7-6913717 


•002197802 


456 


207936 


91818816 


21-3541565 


7-6970023 


•002192<)82 


457 


208849 


95443993 


21-3775583 


7-7026246 


•092188184 


458 


209764 


96071912 


21-4009346 


7-7082388 


•002183406 


459 


210681 


96702679 


21-4242853 


7-7188448 


•002178649 


460 


211600 


97336000 


21-4476106 


7-7194426 


-002173913 


461 


212521 


9/9/2181 


21-4709106 


7-7250325 


-002169197 


462 


213444 


98611128 


21-4941853 


7-730(5141 


002164502 


463 


214369 


99252847 


21-5174348 


7-7861877 


•0021598*27 


464 


215296 


99897344 


21-5406692 


7-7417532 


•002155172 


465 


216225 


100544626 


21-5638587 


7-7473109 


-0021505:^ 


466 


217156 


101194696 


21-5870331 


7-7528606 


•002146923 


467 


218089 


101847563 


21-6101828 


7-7584023 


-00-2141328 


468 


219024 


102503232 


21-6333077 


7-7r)393Cl 


•002136752 


469 


219961 


103161709 


21-6564078 


7-7694C20 


•002132196 


470 


220900 


103823000 


21-6794834 


7-7749801 


-002127tK)0 


471 


221841 


104487111 


21-7025344 


7-7804904 


•0021-23142 


472 


222784 


105164048 


21-7255610 


7-78)l«i28 


•00-2118644 


473 


223729 


105823817 


21-7485632 


7-7914875 


•002114165 


474 


224676 


106496424 


21-7715411 


7-7969745 


•002109705 


475 


22f)625 


107171875 


21-7944947 


7-8024538 


-002105263 


476 


226576 


107850176 


21-8174242 


7-8079254 


-0021 OOMO 


477 


227529 


108531333 


21-8403297 


7-813:^2 


-002096486 


478 


228484 


109215352 


21-863-2111 


7-818845() 


-002092050 


479 


229441 


109902239 


21-8860686 


7-8242942 


•002087683 


480 


230400 


110592000 


21-9089023 


7-8'2973')3 


•0020833:« 


481 


231361 


111284641 


21-93171-22 


7-8351f^88 


-002079002 


482 


232324 


111980168 


21-9544984 


7-8405949 


•002074689 


483 


233289 


112678587 


21-9772610 


7-8460134 


•002070393 


484 


234256 


113379904 

1 


220000000 


7-8514244 


•00206G116 



byUoogle 
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BQCAKKS, CtTBBS, SQUAttfi AND CUBS ftOOTS. 



No. 


Squares. 


Cubea. 


Squre Roots. 


Cube Boots. 




485 


235225 


114084125 


22-0227155 


7-8568281 


-002061856 


486 


286196 


114791256 


220454077 


7-8622242 


-002057613 


487 


237169 


115501808 


220680765 


7-8676180 


•002058388 


488 


238144 


116214272 


220907220 


7-8729944 


•002049180 


489 


239121 


116980169 


221188444 


7-8783684 


•002044900 


490 


240100 


117649000 


221859436 


7-8887352 


•002040816 


491 


241081 


118370771 


22-1585198 


7-8890946 


-002086660 


492 


242064 


119095488 


• 221810730 


7-8944468 


•002032520 


493 


243049 


119823157 


22-2036033 


7-8997917 


•002028896 


494 


244036 


120553784 


22-2261108 


7-9051294 


•002024291 


495 


245025 


121287375 


22-2485955 


7-9104599 


002020202 


496 


246016 


122023936 


22-2710575 


7-9IS7832 


•002016129 


497 


247009 


122763473 


22-2934968 


7-9210994 


•002012072 


498 


248004 


123505992 


22-3159136 


7-9264085 


•002008082 


499 


249001 


12425149SI 


22-3383079 


7-9317104 


•002004008 


500 


2-50000 


125000000 


22-3606798 • 


7-9870053 


•002000000 


501 


251001 


125751501 


22-3830293 


7-9422981 


-001996008 


502 


252004 


126506008 


• 22-4053565 


7-9475739 


-001992032 


503 


253009 


127263527 


22-4276615 


7-952&477 


-001988072 


504 


254016 


128024064 


22-4499443 


7-9581144 


-001984127 


505 


255025 


128787625 


22-4722051 


7-9688743 


-001980198 


506 


256036 


129554216 


22-4944438 


7-9686271 


•001We285 


507 


257049 


130323843 


22-5166605 


7-9738781 


•001972887 


508 


25«064 


131096512 


22-5388553 


7-9791122 


•O[»flB8504 


509 


259081 


131872229 


22-5610283 


7-9843444 


•001964637 


510 


260100 


132651000 


22-5831796 


7-9894697 


-001960786 


511 


261121 


133432831 


22-6053091 


7-9947888 


-001956947 


512 


262144 


134217728 


22-6274170 


8M)000000 


•001958126 


513 


263169 


185005697 


22-6495033 


8-0052049 


•001949818 


514 


264196 


185796744 


22-6715681 


8-0104082 


•001946525 


515 


265225 


186590875 


22-6936114 


8-0155946 


-001941748 


516 


266256 


137388096 


22-7156334 


8-0207704 


-001987964 


517 


267289 


188188413 


22-7376341 


80259574 


-001984286 


518 


268324 


188991832 


22-7596134 


8-0311287 


•001930502 


519 


269361 


139798359 


22-7815715 


80362935 


-001926782 


520 


270400 


140608000 


22-80aT085 


8-0414515 


-001923077 


521 


271411 


141420761 


22-8254244 


80466080 


•001919386 


522 


272484 


142236648 


22-8473193 


8-0517479 


•001915709 


5-2:5 


273529 


143055667 


22-8691938 


80568862 


-001912046 


524 


274576 


143877824 


22-8910463 


8-0620180 


•001908397 


525 


2756-25 


144703125 


22-9128785 


8-0671482 


-001901762 


526 


276676 


145531576 


22-9346899 


8-0722620 


•001901141 


527 


277729 


14636318:^ 


22-9564806 


8-0773743 


-001887533 


528 


278784 


147197952 


22-9782506 


8-0824800 


-00189Q9S9 


529 


279^41 


148035889 


23-0000000 


8-0875794 


-001890859 


530 


280900 


148877001 


230217289 


80926723 


-001886792 


531 


281961 


149721291 


23-0434372 


80977589 


-001883289 


532 


283024 


15056876S 


23-0651252 


8-1028390 


•001879699 


5a3 


284089 


151419437 


23-0867928 


8-1079128 


-001876178 


534 


285156 


1522733(»4 


23-1084400 


81129803 


-001872659 


5:v> 


286225 


153130375 


23-1300670 


8-1180414 


-001869159 


536 


287296 


153990656 


23-1516738 


8-1230962 


•001665672 


5:i7 


288:^69 


154854153 


23-1732605 


8-1281447 


-0018C2197 


5:^ 


2H9444 


155720872 


23-1948270 


8-1331870 


-001658786 


539 


290521 


156590819 


23-2163735 


8-1882230 


-001855286 


540 


291600 


157464000 


23-2379001 


81432529 


•001651652 


541 


292681 


158:^0421 


23-2594067 


8-1482765 


-wtmstnQ 


542 


293764 


159220088 


23-2808935 


8-1532939 


•001646018 


&43 


294Jq9 


160103007 


23-3023004 


8-1583051 


•001641621 


M4 


295936 


160989184 


23-3*238076 


8-1633102 


•001886285 


M5 


297025 


161878625 


23-^462351 


8-1688092 


•001834662 


546 

1 


298116 


162771836 


23-3666429 


8-1738020 


•001881502 
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SQUARBB, CUBES, SQUARE ANP CUBE BOOTS. 
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No. 


8qa.r««. 


CutMM. 


Square RootK. 


Cub« Boots. 


Rociprocala. 


547 


299209 


168667823 


23$880811 


8-1782888 


•001828ir4 


MS 


800304 


164566502 


23-4093998 


8-1882695 


•0018JM818 


59 


3014O1 


165469149 


23-4307490 


8-1882441 


•0(31821494 


550 


802500 


166375000 


23-4520788 


8-1932127 


•001818182 


551 


803601 


167284151 


23-4733892 


8-1981753 


-001814882 


552 


:i04704 


168196608 


23-4946802 


8-2081319 


-001811594 


553 


3Q5809 


16911-2377 


23-5159520 


8-2080825 


-001808318 


554 


306916 


170031464 


23-5372046 


8-2130271 


-001805a'>4 


555 


8080J5 


170953875 


23-5584380 


8-2179657 


•001801802 


556 


309186 


171879616 


23-5796522 


8-2228985 


•001798561 


557 


310249 


172808693 


23-6008474 


8-2278254 


•001795832 


558 


811364 


173741112 


23-6220236 


8r2327463 


•001792115 


559 


312481 


174676879 


23-6431808 


8-2376614 . 


•001788W9 


5C0 


813600 


175616000 


23-6643191 


8-2425706 


•001785714 


561 


8147-21 


176558481 


23-6854386 


8*2474740 


•001782531 


562 


815844 


177504328 


23-7065392 


8-2523715 


•001779359 


563 


816969 


178453647 


23-7276210 


8-2572633 


•0017761i)9 


564 


818096 


179406144 


23-7486842 


8-2621492 


-0017730-O 


565 


819225 


180362125 


23-7697286 


8-2670294 


-001769912 


566 


820356 


181321496 


23-7907545 


8-2719039 


-001766784 


567 


821489 


182284263 


23-8117618 


8-2767726 


•001763068 


568 


822624 


183250432 


23-8327506 


8-2816355 


-00176056:3 


569 


323761 


1842-20009 


23-8537-209 


8-2864928 


•001757469 


570 


824900 


186193000 


23-8746728 


8-2913444 


-0017543.S6 


571 


326041 


186169411 


23-8956063 


8-2961903 


-001751313 


572 


3-27184 


187149248 


23-9165215 


8-3010304 


-001748252 


573 


828329 


188132517 


23-9374184 


8-3058651 


•001745-201 


574 


329476 


189119224 


23-9582971 


8-3106941 


•001742164 


575 


830625 


190109375 


23-9791576 


8-3155175 


•001739130 


576 


831776 


191102976 


24-0000000 


8-3203353 


•001786111 


577 


832929 


192100033 


240208243 


8-3251475 


•001733102 


578 


334084 


193100552 


24-0416:W6 


8-3299542 


•001730104 


579 


3:^5241 


194104539 


24-0624188 


8-3847553 


•001727116 


580 


336400 


195112000 


24-0831891 


8-3395509 


•001724138 


581 


337561 


196122941 


24-1039416 


8-3443410 


•001721170 


582 


338724 


197137368 


24-1246762 


8-3491256 


-001718213 


583 


339889 


198155287 


24-1453929 


8-3539047 


•001715266 


584 


341056 


199176704 


24-1660919 


8-3586784 


-00171-2329 


585 


342225 


200-201625 


24-1867732 


8-3634466 


•001709402 


586 


343396 


201230056 


24-2074369 


8-3682095 


•001706485 


587 


344569 


20-2262003 


24-2280829 


8-37-29668 


-001703578 


588 


345744 


203297472 


24-2487113 


8-3777188 


-001700680 


589 


846921 


204336469 


•24-2693->22 


8-3824653 


•001697793 


590 


848100 


205379000 


24-2899156 


8-3872065 


•001694915 


591 


349281 


206425071 


24-3104996 


8-3919428 


•001692047 


592 


350464 


207474688 


24-8810501 


8-8966729 


-001689189 


593 


351649 


2085278'S7 


24-3515913 


8-4013981 


-001686341 


594 


Si 


209584584 


24-3721152 


8-4061180 


•001(583502 


595 


210644875 


24-8926218 


8-4108326 


•001f83<)72 


696 


355216 


211708786 


24-4131112 


8-4155419 


•001677852 


597 


856409 


212776173 


24-4335834 


8-4202460 


-001(i7r>042 


598 


357604 


218847192 


24-4540385 


8-4249448 


•001672-:41 


599 


358801 


214921799 


24-4744765 


8-4296383 


•00166H449 


600 


360000 


216000000 


24-4948974 


8-4343267 


•001666667 


601 


361201 


217081801 


24-515:«)13 


8-4390098 


-001663894 


602 


362404 


218167208 


24-5356883 


8-4486877 


•001661130 


603 


363609 


2192562-27 


24-5560583 


8-4483605 


•001658375 


604 


364816 


220348864 


24-5764115 


8-4530281 


-001655629 


605 


366025 


221445125 


24-5967478 


8-4576906 


•001652893 


606 


867236 


222545016 


24-6170673 


8-4623479 


-001650165 


607 


368449 


22364854:3 


24-6373700 


8-4670001 


-001647446 


608 


369664 


224755712 


24-6576560 


8-4716471 


•001644737 



byUoogle 
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8QUABB8, CUBK8, 8QUARR AND OUBK BOOTS. 



No. 


Squares. 


Cubes. 


Square Boots. 


Cube Boots. 


Beciprocals 


609 


870881 


225866529 


24*6779254 


8-4762892 


•001642036 


610 


372100 


226981000 


24-6981781 


8-4809261 


001639344 


611 


373821 


228099181 


24-7184142 


8*4856579 


001636661 


612 


374544 


229220928 


24-7886388 


8-4901848 


•001633987 


613 


375769 


230346897 


24-7588868 ^ 


8*4948065 


•001631321 


614 


876996 


281475544 


24-7790284 


8-4994233 


•001628664 


615 


878225 


282608875 


24-7991935 


8-5040850 


001626016 


616 


379456 


238744896 


24-8198478 


8-5086417 


001623377 


617 


880689 


234885113 


24-8894847 


8-5182486 


*001620746 


618 


381924 


286029082 


24-8596058 


8-5178403 


•001618123 


619 


883161 


237176659 


24-8797106 


8-5224881 


001615609 


620 


384400 


238328000 


24-8997992 


8-5270189 


•001612903 


621 


886641 


. 289483061 


24-9198716 


8-5816009 


•001610306 


622 


886884 


240641848 


24-9899278 


8*5361780 


•001607717 


623 


888129 


241804867 


24-9599679 


8-5407601 


•001605136 


624 


389376 


242970624 


24-9799920 


8*5453173 


*001602564 


625 


890625 


244140625 


25-0000000 


8-5498797 


*001600000 


626 


391876 


245314376 


25-0199920 


8-5544372 


•001597444 


627 


393129 


246491883 


25-0399681 


8-6589899 


001594896 


628 


394384 


247673152 


250599282 


8-5635377 


*001592357 


629 


395641 


248858189 


25-0798724 


3-5680807 


*001589825 


630 


396900 


250047000 


25-0998008 


8-67-26189 


•001587302 


631 


898161 


251239591 


25-1197134 


8-5771623 


•001584786 


632 


399424 


252435968 


25-1396102 


8-5816809 


•001582278 


633 


400689 


253636137 


25-1694913 


8-5862247 


•001579779 


634 


401956 


254840104 


25-1798666 


8-5907288 


•001577287 


635 


403225 


256047875 


25-1992063 


8-5952880 


•001574803 


636 


404496 


257259466 


26-2190404 


8-5997476 


•001572327 


637 


405769 


258474853 


25-2388589 


8-6042525 


*001569859 


638 


407044 


259694072 


25-2586619 


8-6087526 


•001567398 


639 


408321 


260917119 


25-2784493 


8-6132480 


•001664945 


640 


409600 


262144000 


25-2982213 


8-6177388 


•001562500 


641 


410881 


263374721 


25-3179778 


8-6222248 


•001560062 


642 


412164 


264609288 


25-3377189 


\8*6267063 


•001557632 


&43 


418449 


265847707 


25-3574447 


8*6311830 


001555210 


644 


414736 


267089984 


25-8771561 


8-6356561 


•001552795 


645 


416125 


268336125 


25-3968502 


8*6401226 


•001550388 


646 


417316 


269585136 


25-4ia5802 


8*6445855 


•001547988 


&47 


418609 


270840023 


25-4861947 


8-64904:^7 


•001545595 


648 


419904 


272097792 


• 25-4558441 


8-6534974 


•001543210 


&49 


421201 


273359449 


25-4754784 


8-6579465 


•001540832 


650 


422500 


274625000 


25-4950976 


8-6623911 


•001538462 


651 


423801 


275894451 


25-5147013 


8-666&310 


•001586098 


652 


425104 


277167808 


25-5342907 


8-6712665 


•001533742 


653 


426409 


278145077 


25-5538647 


8*6756974 


•001531394 


654 


427716 


279726264 


25-5731237 


8-6801237 


•001529052 


655 


429025 


281011375 


25-5929678 


86845456 


•001526718 


656 


430336 


282300416 


25-6124969 


8-6889630 


-.001524390 


657 


431639 


283593393 


25-6320112 


8-6933759 


•001522070 


658 


432964 


284890312 


25-6515107 


8-6977843 


•001519751 


659 


434281 


286191179 


25-6709953 


8-702188-> 


•001517451 


660 


435600 


287496000 


25-6904652 


8-7065S77 


•001515152 


661 


436921 


288804781 


25-7099203 


8-7109827 


•001512859 


662 


438244 


290117528 


25-7293607 


8-7153734 


•001510574 


663 


439569 


291434247 


25-7487864 


8-7197596 


•001508296 


664 


440896 


292754944 


•25-7681975 


8-7241414 


•001506024 


665 


442225 


294079625 


2.5-7875989 


8-7285187 


•001503759 


666 


443556 


295408296 


25-8069758 


8-7328918 


•001501602 


667 


444899 


296740963 


25-8263431 


8-7372604 


•001499250 


668 


446224 


298077682 


25-8456960 


8-7416246 


•001497006 


669 


447561 


299418309 


25-8650343 


8-7459846 


•001494768 


670 


448900 


800763000 


25-8843582 


8-7503401 


•001492537 



byUoogle 



BQUABBS, OUBRft, SQUABB AND CUBE BOOTB. 



No. 


BqnMtf. 


Oub««. 


1 Square BooU. 

t 


Cube BooU. 




C71 


45ffm 


802111711 


J 25-9086677 


8-7516918 


-00149»313 


672 


4515^ 


903464448 


25-9229628 


S-7590383 


-0014KS()95 


673 


45-2929 


804821-217 


25-9422435 


8-7(Ki3i^ 


' •0:n48.").ss| 


674 


4^>4276 


806182024 


25-9615100 


.S-7G77192 


•ooi48;)r>8» 


675 


453625 


307546875 


-25-9807621 


8-7720532 


' -001481481 


676 


45G976 


30891577G 


260000000 


8-7763830 


-00147921K) 


677 


458329 


810-288733 


260192287 


8-7807084 


-001477105 


678 


459684 


311665752 


260384331 


8-7850296 


-001474926 


679 


461041 


313016839 


260^76284 


8-7893466 


•4)014727.>4 


680 


462400 


3144 i20<JO 


i 26-0768096 


8-7936593 


-00147058S 


681 


463761 


315821241 


i 260959767 


8-7979679 


•001468429 


682 


465124 


817214568 


1 261151297 


8-8022721 


-001466276 


683 


46&i89 


818611987 


26-1342687 


8-8065722 


•0014641-29 


681 


467856 


820013504 


' 261533937 


8-8108681 


•001461988 


685 


469225 


321419125 


1 261725047 


8-8151598 


•0014598:) I 


686 


470596 


322828856 


1 26-1916017 


8-8194474 


•001457726 


667 


471969 


324J42703 


26-2106818 


88237307 


•001455604 


688 


473344 


3256<".0n72 


! 26-2297541 


8-8280099 


•0014534H8 


689 


474721 


327082769 


26-2488 )9.-> 


8-8322850 


•001451379 


690 


476100 


328509000 


26-2678.>ll 


8-8365559 


•001449275 


691 


477481 


329939371 


26-2868789 


8-8408227 


•001447178 


692 


478864 


3313738*^ 


26-30589*29 


8-8450854 


•0014450X7 


693 


480249 


33-2812557 


26-3248932 


8-8493440 


-001443001 


694 


481630 


334-255381 


26-3438797 


8-8535985 


-0014409-22 


695 


483025 


:J3.37<)-2375 


26-3628>27 


8-8378 189 


•001438849 


696 


484416 


3371535 6 


26-3818119 


8-8620952 


•001436782 


697 


4ai8:J9 


:S3S608873 


26-4007576 


8-8663375 


•001484720 


698 


487204 


340068;'.92 


26-4196896 


8-8705757 


•001432665 


699 


4886lH 


341532099 


26-4386081 


8-8748099 


•001430615 


700 


4900.10 


343000000 


26-4575131 


8-8790400 


•001428571 


701 


491401 


344472101 


26-47ft4046 i 


8-8832661 


•001426.534 


702 


49-2804 


345948408 


26-4952826 ] 


8-8874882 


•001424501 


703 


491209 


347428927 


26-5141472 


8-8917063 


•001422475 


704 


495616 1 


3489136&4 


26-5329983 


8-8959204 


•001420455 


7a> 


497025 ; 


350402625 


26-5518361 


8-9001304 


•001418440 


706 


498436 1 


351895816 


26-5706605 | 


8-9043366 


•001416431 


707 


499849 


353393243 


26-5894716 1 


8-9085387 


•001414427 


708 


601264 


854894912 


26-6082694 


8-9127369 


•001412429 


709 


60-2081 ' 


356400829 


26-6270539 


8-9169311 


•001410437 


710 


604100 1 


357911000 


26-6458252 


8-9211214 


•001408451 


711 


6fJ5521 


359425431 


26-66458:W , 


8-9253078 


•001406470 


71J 


506944 


360944128 


26-6833'28l 


8-9294902 


•001404494 


713 


608369 


36-2467097 


26-7020598 


8-9336687 


-001402525 


714 


609796 


363994344 


26-7207784 


8-9378433 


•001400560 


715 


511225 


865525875 


26-7394839 i 


8-9420140 


•001398601 


716 


612656 


867061G96 


26-7581763 | 


8-9461809 


•001396648 


717 


514089 


368601813 


26-7768557 


8-9503438 


•001394700 


718 


515524 


870146232 


26-7955220 


8-9545029 


•001392758 


719 


516961 


371694959 


26-8141754 


8-9586581 


•001390821 


720 


618400 1 


373248000 


26-8328157 


8-9628095 


-001388889 


721 


619841 ; 


374805361 


26-8514432 


89669570 


•001386963 


722 


621284 


87«>367048 


26-8700577 j 


8-9711007 


•001385(M2 


723 


522729 


377933067 


26-8886593 ! 


8-9752406 


•001383126 


7'24 


524176 


379503424 


26-9072481 i 


8-9793766 


•001381215 


7*25 


525625 1 


;381078125 


26-9258240 ! 


8-9835089 


•001379310 


726 


527076 1 


382657176 


26-94J3872 


8-9876373 


•001377410 


727 


5-28529 


38424a->83 


26-9(>29375 '■ 


8-9917620 


•001375516 


728 


529981 


885828352 


26-9814751 ! 


8-9958899 


•001873626 


729 


531441 


887420489 


27-0000000 1 


9-0000000 


•001871742 


730 


632900 


889017000 


27-0185122 1 


9-004U34 


•001369863 


7H1 


634361 


890617891 


27-0370117 1 


9-0082229 


•001367989 


732 


635824 


892223168 


27-0554985 | 


90123288 


•001:^.1-20 



dbyGoogk 
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SQUAR1CS, CUBK8, SQUARE AND CUBB BOOTS. 



No. 




OnbM. 


Square Roots. 


Cube Boots. 




733 


537289 


893832837 


27-0739727 


9-0164309 


•001364256 


734 


638756 


895446904 


27-0924344 


90205293 


-001362S98 


735 


540225 


397066375 


27-1108834 


9-0246289 


-001860644 


736 


541696 


398688256 


27-1298199 


9-0287149 


•001358696 


787 


543169 


400315553 


27-1477149 


9-0828021 


•001356852 


738 


544644 


401947272 


27-1661554 


9-0868857 


•001355014 


739 


546121 


403583419 


27-1845544 


9-0409655 


•001363180 


740 


647600 


405224000 


27-2029140 


9-0450419 


•001351351 


741 


619801 


406869021 


27-2213152 


9-0491142 


•001349528 


742 


650564 


408518488 


27-2396769 


9-0631831 


•00134V7O9 


743 


652049 


410172407 


27-2580263 


9-0572482 


•001346895 


744 


553536 


411830784 


27-2763634 


9-0613098 


•001344086 


745 


655025 


413493625 


27-2946881 


9-0658677 


•001342282 


746 


^56516 


415160936 


27-3130006 


9-0694220 


•001340483 


747 


558009 


416832723 


27-3313007 


9-0734726 


•001338688 


748 


659504 


418508992 


27-3495887 


9-0775197 


•001336898 


749 


561001 


420189749 


27-3678644 


9-0815681 


•001836113 


750 


m?Jim 


421875000 


27-8861279 


9-0856080 


•001383383 


751 


564001 


423564751 


27-4043792 


9-0896852 


•001331558 


752 


565504 


425259008 


27-4226184 


9-0986719 


•001829787 


753 


567009 


426957777 


27-4408455 


9-0977010 


•001328021 


754 


568516 


428661064 


27-4590604 


9-1017265 


•001326260 


755 


570025 


430368875 


27-4772633 


9-1057485 


•001324503 


756 


671536 


432081216 


27-4954542 


9-1097669 


•001322751 


757 


573049 


433798093 


27-5136330 


9-1137818 


•001321004 


758 


674564 


435519512 


27-5317998 


91177931 


•001319261 


759 


676081 


437245479 


27-5499546 


9-1218010 


•001317523 


760 


677600 


438976000 


27-5680975 


9-1258053 


•001316789 


761 


679121 


440711081 


27-5862284 


9-1298061 


•001314060 


762 


680644 


442450728 


27-6043475 


91338034 


•001312336 


763 


682169 


444194947 


27-6224546 


9-1877971 


•001310616 


764 


583696 


445943744 


27-6405499 


9-1417874 


•001308901 


765 


585225 


447697125 


27-6586334 


9-1457742 


•001307190 


766 


686756 


449455096 


27-6767050 


9-1497576 


•001805483 


767 


688289 


451217663 


27-6947648 


9-1537375 


•001803781 


768 


589824 


452984832 


27-7128129 


9-1577139 


•001302083 


769 


691361 


464756609 


27-7308492 


9-1616869 


•001300390 


770 


592900 


466533000 


27-7488739 


91656565 


•001298701 


771 


594441 


458314011 


27-7668868 


9-1696225 


•001297017 


772 


595984 


460099648 


27-7848880 


9-1735852 


•001295337 


773 


597529 


461889917 


27-8028775 


9-1775445 


•001293661 


774 


599076 


463684824 


27-8208555 


9-1815008 


•001291990 


775 


600625 


465484875 


27-8388218 


9-1854527 


•001290823 


776 


602176 


467288576 


27-8567766 


9-1894018 


•001288660 


777 


603729 


469097433 


27-8747197 


9-1933474 


•001287001 


778 


605284 


470910952 


27-8926514 


9-1972897 


•001285847 


779 


606841 


472729139 


27 9105715 


9-2012286 


•001283697 


780 


608400 


474552000 


27-9284801 


9-2051641 


•001282051 


781 


609961 


476379541 


27-9463772 


9-2090962 


•001280410 


782 


611524 


478211768 


27-9642629 


9-2130250 


•001278772 


783 


613089 


480048687 


27-9821372 


9-2169505 


•001277139 


784 


614656 


481890304 


28-0000000 


9-2208726 


•001275510 


785 


616225 


483736625 


28-0178515 


9-2247914 


•001273885 


786 


617796 


485587656 


28-0356915 


9-2287068 


-001272265 


787 


619369 


487443403 


28-0535203 


9-2326189 


-001270648 


788 


620944 


489303872 


28-0713377 


9-2365277 


-001269036 


789 


622521 


491169069 


28-0891438 


6-2404383 


•001267427 


790 


624100 


493039000 


28-1069386 


9-2443355 


•001265823 


791 


625681 


494913671 


281247222 


9-2482344 


•001264223 


792 


627624 


496793088 


28-1424946 


9-2521300 


-001262626 


793 


628849 


498677257 


28-1602557 


9-2560224 


•001261034 


794 


630436 


600566184 


28-1780056 


9-2599114 


•001259446 
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No. 


Sqaare«. 


Gabea. 


Square Boots. 


Cube Rooti. 


Redprucald. 


795 


632025 


502459875 


28-1957444 


9-2637973 


•001257862 


796 


633616 


604358836 


28-2134720 


9-2676798 


•001256281 


797 


635209 


506261573 


28-2311884 


9-2715592 


•001254705 


798 


636804 


508169592 


28*2488938 


9-2754352 


•001253133 


799 


638401 


610082399 


28-2665881 


8-2793081 


•001251364 


800 


640000 


512000000 


28-2842712 


9-2831777 


•00125«>000 


801 


641601 


513922401 


28-3019434 


9-2870444 


•001248439 


802 


643204 


515849608 


28-3196045 


9-2909072 


-001246883 


803 


644809 


617781627 


28-3372546 


9--2947671 


•001245330 


804 


646416 


519718464 


28-3548938 


9-2986239 


•001243781 


805 


648025 


521660125 


28-3725-219 


9-3024775 


•001242236 


806 


649636 


523606616 


28-3901391 


9-3063278 


•001240695 


807 


651249 


525557943 


28-4077454 


9-3101750 


•001239157 


808 


652864 


527514112 


28-4253408 


9-3140190 


0012376-24 


809 


654481 


529475129 


28-4429253 


9-3178599 


•001236094 


810 


656100 


531441000 


28-4604989 


9-3216975 


001234568 


811 


657721 


533411731 


28-4780617 


9-3255320 


-001233046 


812 


659344 


535387328 


28-4956187 


9-3293634 


•001231527 


813 


660969 


537367797 


28-5131549 


9-3331916 


•001230012 


814 


662596 


539353144 


28-5306852 


9-3370167 


•001228501 


815 


664225 


541343375 


28-5482048 


9-3408386 


•001226994 


8J6 


665856 


543338496 


28-5657137 


9-3446575 


•001225490 


817 


667489 


545338513 


28-5832119 


9-3484731 


-001223990 


818 


669124 


547343432 


28-6006993 


9-3522857 


•001222494 


819 


670761 


549353259 


28-6181760 


9-3560952 


•001221001 


820 


672400 


551368000 


28-6356421 


9-3599016 


•001219512 


821 


674041 


553387661 


28-6530976 


9-3637049 


•001218027 


822 


675684 


555412248 


28-6705424 


9-3675051 


•001216545 


823 


677329 


557441767 


28-6879766 


9-3713022 


•001215067 


?J 


678976 


559476224 


28-7054002 


9-3750963 


•001213592 


825 


680625 


561515625 


28-7228132 


9-3788873 


•001212121 


826 


682276 


563559976 


28-7402157 


9-3826752 


•001210654 


827 


683929 


565609283 


28-7576077 


9-3864600 


•001209190 


828 


6855fU 


567663552 


28-7749891 


9-3902419 


•001207729 


829 


687241 


569722789 


287923601 


9-3940206 


•001206273 


830 


688900 


571787000 


28-8097206 


9-3977964 


•001204819 


8:n 


e9a'>61 


573856191 


28-8270706 


9-4015691 


•001203369 


832 


692224 


575930368 


28-8444102 


9-4053387 


•001201923 


833 


693889 


578009537 


28-8617394 


9-4091054 


•001200480 


834 


695556 


580093704 


28-8790582 


9-4128690 


•001199041 


835 


697225 


582182875 


28-8963666 


9-4166297 


-001197605 


836 


698896 


584277056 


28-9136646 


9-4203873 


•001196172 


837 


700569 


586376253 


28-9309523 


9-4241420 


•001194743 


838 


702244 


588480472 


28-9482297 


9-4278936 


-001193317 


839 


703921 


590589719 


28-9654967 


9-4316423 


•001191895 


840 


705600 


592704000 


28-9827535 


9-4353880 


•001190476 


841 


707281 


594823321 


29-0000000 


9-4391307 


•001189061 


842 


708964 


596947688 


29-0172363 


9-4428704 


•001187648 


843 


710649 


599077107 


29-0344623 


9-4466072 


•001186240 


844 


712336 


601211584 


29-0516781 


9-450:}410 


•001184834 


845 


714025 


603351125 


29-0688837 


9-4540719 


•001183432 


846 


715716 


605495736 


29-0860791 


9-4577999 


•001182033 


847 


717409 


607645423 


291032644 


9-4615249 


-001180638 


848 


719104 


609800192 


29-1204396 


9-4652470 


•001179245 


849 


720801 


611960049 


29-1376046 


9-4689661 


•001177856 


850 


722500 


614125000 


29-1547595 


9-4726824 


•001176471 


851 


724201 


616295051 


29-1719043 


9-4768957 


•001175088 


852 


725904 


618470208 


29-1890390 


9-4801061 


-001173709 


853 


727609 


620650477 


29-2061637 


9-4838136 


•001272833 


854 


729316 


622835864 


29-2232784 


9-4875182 


•001170960 


855 


731025 


625026375 


29-2403830 


9-4912200 


•001169591 


856 


732736 


627222016 


29-2574777 


9-4949188 


•001168224 
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SQUARES, CUBES, SQUARE AND CUBE BOOTS. 



No. 


Squares. 


Cubes. 


Square Roots. 


Cube Roots. 


Reciprocals. 


857 


734449 


629422793 


29-2745623 


9-4986147 


•001166861 


858 


736164 


631628712 


29-2916370 


9-5023078 


•001165501 


859 


737881 


633839779 


29-3087018 


9-5059980 


•00U64144 


860 


739600 


636056000 


29-3257566 


9-5096854 


•001162791 


861 


741:^1 


638277381 


29-3428015 


9-5133699 


•001161440 


862 


743044 


&405U3928 


29-3598365 


9-5170515 


•001160093 


863 


744769 


ei2735&47 


29-3768616 


9-5207303 


•001158749 


864 


740496 


644972544 


29-3938769 


9-5244063 


•001157407 


865 


748225 


647214625 


29-4108823 


9-5280794 


•001156069 


866 


749956 


649461896 


29-4278779 


9-5317497 


•0011&4734 


867 


751689 


651714363 


29-4448637 


9-5354172 


•001153403 


868 


75:i424 


653972032 


29-4618397 


9-5390818 


•001152074 


869 


755161 


656-2a4909 


29-4788059 


9-54274:^7 


•001150748 


870 


756900 


658503000 


29-4957624 


9-M64027 


•001149425 


871 


758641 


660776311 


29-5127091 


9-5500589 


-001148106 


872 


760384 


663054848 


29-5296461 


9-55371-23 


-001146789 


873 


762129 


6G5338617 


29-5465734 


9-5573630 


-00114M75 


874 


763876 


667627624 


29-5634910 


9-5610108 


-001144105 


875 


765625 


669921875 


29-5803989 


956465.59 


•001142857 


876 


767376 


672221376 


29-5972972 


9-5682782 


-001141558 


877 


769129 


674526133 


29-6141858 


9-5719377 


-001140251 


878 


770884 


676836152 


29-6310648 


9-5755745 


-001138952 


879 


772641 


679151439 


29-6479342 


9-579-2085 


•001137656 


880 


774400 


681472000 


29-6647939 


9-5828397 


-0011363&4 


881 


776161 


683797841 


29-681&442 


9-58&4682 


-001135074 


882 


777924 


686128968 


29-6984848 


9-5900937 


•001133787 


863 


779689 


688465387 


39-7153159 


9-5937169 


•001132503 


884 


781456 


690807104 


29-7321375 


9-5973373 
'9-6009548 


•0011312-22 


885 


783225 


693154125 


29-7489496 


•001129944 


886 


784996 


695506456 


29-7657521 


9-60456% 


•001128668 


887 


786769 


697864103 


29-7825452 


9-6081817 


•001127396 


888 


788544 


700227072 


29-7993289 


9-6U7911 


-001126126 


889 


790321 


702595369 


29-8161030 


9-6153977 


•001124859 


890 


792100 


704969000 


29-8328678 


9-6190017 


-001123596 


891 


793881 


707347971 


29-8496231 


9-6226030 


•0011223*4 


892 


79.5664 


707932288 


29-8663690 


9-6262016 


•001121076 


893 


797449 


712121957 


29-8831056 


9-6297975 


•001119821 


894 


799236 


714516984 


29-8998328 


9-6333907 


•001118568 


895 


801025 


716917375 


29-9165506 


9*6369812 


•001117818 


896 


802816 


719323136 


29-9332591 


9-6405690 


•001116071 


897 


804609 


721734273 


29-949958:^ 


9-6441542 


•001114827 


898 


806404 


724150792 


29-9666481 


9-6477367 


•001113586 


899 


808201 


726572699 


29-9833287 


9-6513166 


•001112347 


900 


810000 


729000000 


30-0000000 


9-6548938 


•ooiuim 


901 


811801 


731432701 


30-0166621 


9-6584684 


•001189878 


902 


813604 


733870808 


30-0333148 


9-6620403 


•001108r^7 


903 


815409 


736314327 


30-0499584 


9-6656096 


•001107420 


904 


817216 


738763264 


30-0665928 


9-6691762 


•001106195 


905 


819025 


741217625 


30-0832179 


9-6727403 


•001104972 


906 


820836 


743677416 


30-0998339 


9-6763017 


•00110375:^ 


907 


822649 


746142643 


30-1164407 


9-6798604 


•00110-2536 


908 


824464 


748613312 


301330383 


9-6834166 


•001101322 


909 


826281 


751089429 


30-1496269 


9-6869701 


•oouooiio 


910 


828100 


753571000 


301662063 


9-6905211 


•001098901 


911 


829921 


756058031 


30-1827765 


9-6940694 


•001091695 


912 


831744 


758550825 


30-1993377 


9-6976151 


•001096491 


913. 
91^ 


833569 


761048497 


30-2158899 


9-7011583 


•001095290 


835396 


763551944 


30-2324329 


9-7046989 


•001094092 


915 


837225 


766060875 


30-2489669 


9-7082369 . 


•00109-2896 


916 


839056 


768575296 


30-2654919 


9-7117723 


•001091703 


917 


840889 


771095213 


30-2820079 


9-7153051 


•001090513 


918 


842724 


773620632 


30-2985148 


9-7188354 


•001089325 



dbyGoogk 



SQUARES, CUBES, SQUARE AND CUBE BOOTS. 



177a 



Xo. 


Squares. 


Cubes. 


Square Roots. 


Cube Roots. 


Reciprocals. 


919 


844661 


776151559 


30-3150128 


9-7223631 


•001088139 


l>20 


-846400 


778688000 


30-3315018 


9-7258883 


•001086957 


921 


848241 


781229961 


30-3479818 


9-7294109 


•001085776 


922 


850084 


783777448 


30-8644529 


9-7329809 


•001084599 


923 


851929 


786330467 


30-3809151 


9-7364484 


•001083423 


924 


853776 


788889024 


30-3973683 


9-7399634 


•001082251 


925 


H556?5 


791453125 


30-4138127 


9-7434758 


•001081081 


926 


857476 


794022776 


30-4302481 


9-7469857 


•001079914 


927 


a59329 


796597983 


30-4466747 


9-7504930 


•001078749 


928 


861184 


799178752 


80-4630924 


9-7539979 


•001077586 


929 


863041 


801765089 


30-4795013 


9-7575002 


•001076426 


930 


864900 


804357000 


30-4959014 


9-7610001 


•001075269 


931 


866761 


806954491 


30-5122926 


9-7644974 


•001074114 


932 


868624 


809557568 


30-5286750 


9-7679922 


•001072961 


933 


870489 


812166237 


30-5450487 


9-7714845 


•001071811 


934 


872356 


814780504 


30-5614136 


9-7749743 


•001070664 


935 


874225 


817400375 


30-5777697 


9-7784616 


•001069519 


936 


876096 


820025856 


80-5941171 


9-7829466 


•001068376 


9:^7 


877969 


822656953 


30-6104557 


9-7854288 


•001067-236 


9:» 


879844 


825293672 


30-6267857 


9-7889087 


•001066098 


939 


881721 


827936019 


80-6431069 


9-7923861 


•001064963 


940 


883600 


830584000 


80-6594194 


9-7958611 


•001063830 


941 


885481 


833-237621 


30-6757233 


9-7993336 




942 


887364 


835896888 


30-6920185 


9-8028036 




943 


889249 


838561807 


30-7083051 


9-8062711 




944 


891136 


841232384 


80-7-245830 


9-8097362 




945 


'893025 


843908625 


30-7408523 


9-8131989 




946 


894916 


846590536 


80-7571130 


9-8166591 




947 


896808 


849278123 


80-7733651 


9-8201169 




948 


898704 


851971392 


30-7896086 


9-8235723 




949 


900601 


854670349 


30-8058436 


9-8270252 




950 


902500 


857375000 


30-8220700 


9-8304757 




9ol 


904401 


860085351 


30-8382879 


9-8339238 




952 


906304 


862801408 


30-8544972 


9-8373695 




953 


908209 


865523177 


30-8706981 


9-8408127 




954 


910116 


868250664 


30-8868904 


9-8442536 




955 


912025 


870983875 


30-9030743 


9-84769-20 




956 


913936 


873722816 


30-9192477 


9-8511280 




957 


915849 


876467493 


30-9354166 


9-8545617 




958 


917764 


879217912 


30.9515751 


9-8579929 




959 


919681 


881974079 


30-9677251 


9-8614218 




960 


921600 


884736000 


30-9838668 


9-8648483 




961 


923521 


887503681 


310000000 


9-8682724 


W\/*V^W^»-'« 


962 


925444 


890277128 


31-0161248 


9-8716941 


•001039501 


963 


927369 


893056347 


31-0322418 


9-8751135 


•001038422 


964 


929296 


895841344 


81-0483494 


9-8785305 


•001037:344 


965 


931225 


898632125 


81-0644491 


9-8819451 


•001036269 


966 


933156 


901428696 


31-0805405 


9-8853574 


•001035197 


967 


935089 


904231063 


31-0966236 


9-8887673 


•001034126 


968 


937024 


907039232 


31-1126984 


9-8921749 


•001033058 


969 


938961 


909853209 


31-1287648 


9-8955801 


•001031992 


970 


940900 


912673000 


31-1448230 


9-8989830 


•001030928 


971 


942841 


915498611 


31-1608729 


9-90238:^5 


•001029866 


972 


944784 


918330048 


31-1769145 


9-9057817 


•001028807 


973 


946729 


921167317 


31-1929479 


9-9091776 


•001027749 


974 


948676 


924010424 


31-2089731 


9-9125712 


•001026694 


975 


950625 


926859375 


31-2249900 


9-9159624 


•001025641 


976 


952576 


929714176 


31-2409987 


9-9193513 


•001024590 


977 


954529 


932574833 


31-2569992 


9-9227379 


•001023541 


978 


956484 


935441352 


31-2729915 


9-9261222 


•00102*2495 


979 


958441 


938313739 


31-2889757 


9-9295042 


•001021450 


980 


960400 


941192000 


31-3(M9517 


9-9328839 


•001020408 



dbyGoogk 



78a 



SQUARES, CUBES, 8QUARR XSTi CUBE BOOT?. 



No. 


Squares. 


Cubes. 


Square Roots. 


Cabe Roots. 


Reeiprocaltt. 


981 


962361 


944076141 


31-3209195 


9-9362613 


•001019168 


982 


964324 


• 946966168 


31-3368792 


9-939636:J 


•001018330 


983 


966289 


949862U87 


81-3528308 


9-9430092 


•001017294 


984 


968256 


952763904 


31-3687743 


9-9463797 


•001016260 


985 


970225 


955671625 


31-3847097 


9-9497479 


-001015-228 


986 


972196 


958585256 


31-4006369 


9-9531138 


-001014199 


987 


974169 


961504803 


31-4165561 


9-9564775 


•001013171 


988 


976144 


964430272 


31-4324673 


9-9598389 


-001012146 


989 


978121 


967361669 


31-4483704 


9-9631981 


-001011122 


990 


980100 


970299000 


31-4642654 


9-9665649 


•001010101 


991 


982081 


973242271 


31-4801525 


9-9699095 


•001009082 


992 


981064 


976191488 


31-4960815 


9-9782619 


•001008065 


993 


986049 


979146657 


31-5119025 


9-9766120 


•001007049 


994 


988036 


982107784 


31-5277655 


9-9799599 


•001006036 


995 


990025 


985074875 


31-5436206 


9-9833055 


•OOlOOoOSSi 


996 


992016 


988047936 


31-5594677 


9-9866488 


•001004016 


997 


994009 


991026973 


31-5753068 


9-9899900 


•001003009 


998 


996004 


994011992 


31-5911380 


9-9933289 


•001002004 


991 


998001 


997002999 


31-6069613 


9-9966656 


•001001001 


1000 


1000000 


1000000000 


31-6227766 


10-0000000 


•001000000 


1001 


1000201 


1003003001 


31-6385840 


10-0033222 


•0009990010 


1002 


1004004 


1006012008 


31-6543836 


10-0066622 


•0009980040 


1003 


1006009 


1009027027 


31-6701752 


10-0099893 


•0009970090 


1004 


1008016 


10120480W 


31-6859590 


10-0133155 


•0009960159 


1005 


1010025 


1016075125 


31-70173^9 


10-0166389 


•0009950249 


1006 


1012036 


1018108216 


31-7175030 


10-0199601 


•0009940358 


1007 


1014049 


1021147343 


31-7332633 


10-0232791 


•0009930487 


1008 


1016064 


1024192512 


31-7490157 


10-0265958 


•0009920635 


1009 


1018081 


1027243729 


31-7647603 


10-0299104 


•0009910803 


1010 


1020100 


1030301000 


31-7804972 


10-0332228 


•0009900990 


1011 


1022121 


1033364331 


31-7962262 


10-0365330 


•0009891197 


1012 


1024144 


1036433728 


31-8119474 


10-0398410 


•0009881423 


1013 


1026169 


1039509197 


31-8276609 


10-0431469 


•0009871668 


1014 


1028196 


1042590744 


31-8433666 


10-0464506 


•00098619S3 


1015 


1030225 


1045678375 


31-8590646 


10-0497521 


•0009652217 


1016 


1032256 


1048772096 


31-8747549 


10-0530614 


•OOO9R42520 


1017 


1034289 


1051871913 


31-8904374 


10-0563485 


•0009832842 


1018 


1036324 


1054977832 


31-9061123 


10-0596435 


•0009823183 


1019 


1038361 


1058089859 


31-9217794 


10-0629364 


•0009813543 


1020 


1040400 


1061208000 


31-9374388 


10-0662271 


•00O980S922 


1021 


1042441 


1064332261 


31-9530906 


10-0695156 


•0009794319 


1022 


1044484 


1067462648 


31-9687347 


10-0728020 


•0009784T36 


1023 


1046529 


1070599167 


31-9843712 


10-0760863 


•0009775171 


1024 


1048576 


1073741824 


32-0000000 


10-0793684 


•0009765625 


1025 


1050625 


1076890625 


32-0156212 


10-0826484 


•0009756098 


1026 


1052676 


1080045576 


320312348 


10-0859262 


•0009746589 


1027 


1054729 


1083206683 


32-0468407 


10-0892019 


•0009737098 


1028 


1056784 


1086373952 


32-0624391 


10-0924755 


•0009727826 


1029 


1058841 


1089547389 


32-0780298 


10-0957469 


•0009n8l7H 


1030 


1060900 


1092727001) 


32-0936131 


10-0990163 


•0009706738 


1031 


1062961 


1095912791 


32-1091887 


10-1022835 


•0009699821 


1032 


1065024 


1099104768 


32-1247568 


10-1055487 


•0009689922 


1033 


1067089 


1102302937 


32-1403173 


10-1088117 


•0OU96805I2 


1034 


1069156 


1105507304 


32-1558704 


10-1120726 


•0009671180 


1035 


1071225 


1108717875 


32-1714159 


10-1153314 


•0009661836 


1036 


10732% 


1111934656 


82-1869539 


10-1185882 


•0009652510 


1037 


1075369 


1115157653 


32-2024844 


10-1218428 


•0009648302 


1038 


1077444 


1118386872 


32-2180074 


10-1250953 


•0009683811 


1039 


1079521 


1121622319 


32-2335229 


10-1283457 


•0008624639 


1040 


1081600 


1124864000 


32-2490310 


10-1315941 


•00096153^ 


1041 


1083681 


1128111921 


32-2645316 


10-1348403 


•0009606148 


1042 


1085764 


1131366088 


32-2800248 


10-1380845 


•0009596929 



dbyGoogk 



CIBCUMFBBBNGX8 AND ABXA8 OT CLBChEa, 



17te 



CIEOUMFERENCES AND AREAS OF CIRCLES. 



SHOWING ALSO 

SIDE OF SQUARE OF EQUAL AREA. 



Diam. 

eter. 


Clrcuni- 
fereucc. 


Area. 


Area. 


Diam- 
eter. 


Circum- 
ference. 


Area. 


Area. 


inches. 


feet. in. 


square in. 


Bquarc feet. 




feet. in. 
1 OJ^ 


square in. 
12-566 


square feet. 
•0879 


•0625 


•196 


•0030 


•0554 




1 0% 


18364 


•0935 


•125 


*892 


•0122 


•1107 




1 1% 


14-186 


•0998 


•1875 


•58» 


•0276 


•1661 




1 1^ 


15033 


•1052 


•25 


•785 


•0490 


•2115 




1 2% 


15^904 


•1118 


•3125 


•981 


•0767 


•2669 




1 2V2 


16^800 


•1176 


•3750 


1^178 


•1104 


•3223 




1 2? 


17^720 


•1240 


•4375 


1374 


•1503 


•3771 




1 314 


18^665 


•1306 


•50 


1570 


•1963 


•4331 


5 


1 3% 


19685 


•1374 


•5625 


1-767 


•2485 


•4995 


5% 


1 4% 


20^629 


•1444 


•625 


1963 


•8068 


•5438 


514 


1 4^ 


21 •647 


•1515 


•6875 


2159 


•3712 


•6093 


5% 


1 4^ 


22-690 


•1588 


•75 


2-356 


•4417 


•6646 


5^ 


1 514 


23-758 


•1668 


•8125 


2-552 


•5185 


•7200 


5% 


1 5? 


24-850 


•1739 


•8750 


2-748 


•6013 


•7754 


5% 


1 6 


25-967 


•1817 * 


•9375 


2-945 


•6908 


•8308 


5^ 


1 6% 


27-108 


•1897 


1 


8^ 


•7854 


•8862 


6 


1 6^ 


28^274 


•1979 


1^ 


1 


•9940 


•9969 


6^ 


1 7^ 


29^464 


•2062 


1? 


1^227 


1-0775 


6? 


1 7? 


30-679 


•2147 


1% 


414 


1^484 


1^2185 


6% 


1 8 


81-919 


•2234 


1^ 


4% 


1^767 


r3293 


6^ 


1 8% 


83-183 


•2322 


i% 


5^ 


2074 


1^4401 


6% 


1 8? 


34-471 


•2412 


1^ 


% 


2405 


15508 


6^ 


1 9% 


35-784 


•2504 


1^^ 


57^- 


2^761 


16616 


67^ 


1 9^ 


37-122 


•2598 


2 


6I4 


3141 


1^7724 


7 


1 10 


38-484 


•2693 


2^ 


ffe 


3-546 


1^8831 


7% 


1 10% 


39-871 


•2791 


21/4 


7 


3-976 


19939 


714 


1 10% 


41-282 


-2889 


^\ 


l> 


4-430 


2^1047 


7% 


111% 


42-718 


-2990 


2^ 


7% 


4-908 


2^2155 


7^ 


1 11% 


44-178 


-3092 


Sfe 


i^ 


5-412 


23262 


7% 


111% 


45-663 


-3196 


2^ 


8% 


5-939 


2^4370 


7% 


2 0% 


47-173 


-3299 


2% 


9 


6-491 


2^5478 


7% 


2 0% 


48-707 


-3409 


3 


,9% 


7-068 


2^6586 


8 


2 1% 


50-265 


-3518 


8Jfe 


9^ 
10^ 


7-669 


2-7694 


»% 


2 1^ 


51-84S 


-3629 


8I4 


8-295 


2-8801 


S\ 


2 1% 


53-456 


-3741 


3% 


10% 


8-946 


2-9909 


8^ 


2 214 


55-08.S 


-3856 


3^ 


11 


9-f)21 


3-1017 


81^ 


2 2% 


56-745 


-3972 


?>% 


11% 


10-320 


3-2124 


8% 


2 3 


58-426 


•4089 


3% 


11% 


11044 


3-3-2;^-j 


8^ 


2 3% 


60-132 


-4-209 


12% 


11-793 


3-4340 


s% 


2 3% 


61-862 


•4330 



80a 



CISCUMFERENCB8 AND ABBAS OP tTIRCLBS. 



DUm- 


Cirenmfier- 


AreA. 


1 
Area. 


Diam. 


Circumfer- 


Area. 


Area. 


eter. 


enoe. 






eter. 


ence. 






inches. 


feet. In. 


square in. 


square feet. 


inches. 


feet. in. 


square In. 


square feet 


9 


2 4J4 


63-617 


-4458 


16 


4 2% 


201-062 


1-4074 


9^ 


2 4% 


65-396 


-4577 


16% 


4 2% 


204-216 


1-4295 


9^ 


2 5 


67-200 


-4704 


I6I4 


4 8 


207-394 


1-4517 


9^ 


2 5% 


69-029 


•4832 


16% 


4 3% 


210-597 


1-4741 


9? 


2 5% 


70-882 


-4961 


16% 


4 3% 


213-8-25 


1-4967 


9% 


2 6J4 


72-759 


-5093 


16% 


4 4% 


217077 


1-5195 


9? 


2 6% 


74-662 


-5226 


16% 


4 4% 


220-85S 


1-5424 


9^ 


2 7 


76-588 


-5361 


167^ 


4 5 


223-654 


1-5655 


10 


2 7% 


78-540 


•."HST 


17 


4 5% 


226-980 


1-5888 


10^ 


2 7% 


80-515 


-5636 


17% 


4 5% 


230-330 


1-6128 


IOV4 


2 8% 


82-516 


-5776 


17^ 


4 6% 


233-705 


1-6859 


10% 


2 8% 


84-540 


•5917 


17% 


4 6% 


237-104 


1-6597 


101^ 


2 8% 


86-590 


-6061 


17% 


4 6% 


240-528 


1*6836 


10% 


2 9% 


88-664 


•6206 


17% 


4 7% 


248-977 


1-7078 


10^ 


2 9? 


90-762 


•6353 


17% 


4 7% 


247-450 


1-7321 


107^ 


2 10% 


92-855 


•6499 


177y^ 


4 8% 


250-947 


1-7566 


11 


2 103^ 


95-033 


•6652 


18 


4 8% 


254-469 


1-7812 


11% 


2 107y^ 


97-205 


-6804 


18% 


4 8% 


258-016 


1-8061 


1114 


21114 


99-402 


-6958 


18% 


4 9% 


261-587 


1-8311 


11% 


2 11% 


101-623 


•7148 


18% 


4 9% 


265-182 


1-8562 


11? 


3 0% 


103-869 


•7270 


18% 


4 10% 


268-808 


18»16 


11% 


3 0^^ 


106-139 


•7429 


18% 


4 10% 


272-447 


1-9071 


n% 


3 07y^ 


108-434 


•7590 


18% 


4 107/^ 


276-117 


1-9328 


11^ 


3 114 


110-753 


•7752 


18% 


4 11% 


279^811 


1-9586 


12 


3 1% 


113-097 


•7916 


19; . 


4 11% 


288^629 


1-9847 


12% 


3 2 


115-466 


-8082 


19% 


5 


287^272 


1-9941 


V2\ 


3 21^ 


117-859 


-8250 


19% 


5 0% 


291^089 


20sn 


12% 


3 '27Jq 


120-276 


-8419 


19% 


5 07^ 


294-831 


2^0687 


121^ 


3 314 


122-718 


-8590 


19% 


5 1% 


298-648 


2-0904 


12% 


3 3% 


125-185 


-8762 


19% 


5 1% 


302-489 


2-1172 


.1225 


3 4 


127-676 


-8937 


19% 


5 2 


306^855 


2-1443 


127.^ 


3 4% 


130-192 


-9113 


19% 


5 2% 


310^245 


2-1716 


n 


3 4% 


132-782 


-9291 


20 


5 27^ 


314160 


21990 


13% 


3 514 


135-297 


-9470 


20% 


5 3% 


818-099 


2*2265 


13^4 


3 5% 


137-886 


-9642 


20% 


5 3% 


822-068 


12-2548 


13% 


3 6 


140-500 


-9835 


20% 


5 4 


326-051 


2-2822 


131^ 


3 6% 


143-139 


1-0019 


20% 


6 4% 


880-064 


2-8108 


13% 


3 6% 


145-802 


10206 


20% 


5 4% 


834101 


2-3886 


13^ 


3 7% 


148-489 


1-0294 


2^ 


5 5% 


338168 


2-3670 


13% 


3 m, 


151-201 


1-0584 


20% 


5 5% 


342^250 


2-8966 


14 


3 7% 


153-938 


1-0775 


21 


5 5% 1 346-361 


24244 


14% 


3 8% 


156-699 


1-0968 


21% 


5 6% 


350-497 


2-4588 


145 


3 8% 


159-485 


11193 


21% 


5 6% 


354-657 


2-4824 


14% 


3 9% 


162-295 


1-1360 


21% 


5 7% 


358-841 


2-5117 


14i2 


3 91^ 


165-130 


1-1569 


21% 


5 7% 


363-061 


2-5412 


14% 


3 97/^ 


167-989 


1-1749 


21% 


5 7% 


367-284 


2-5706 


14=5 


3IOI4 


170-873 


11961 


21% 


5 8% 


871-548 


2-6007 


14^ 


3 10% 


173-782 


1-2164 


21^ 


5 8% 


375-826 


2-6306 


15 


3 11% 


176-715 


1 1-2370 


22 


5 9% 


880-138 


2-6606 


15% 


3 111*2 


179-672 


1-2577 


22% 


5 9% 


884^465 


2-6691 


1b\ 


3 117^ 


182-6;->4 


1-2785 


22% 


5 9% 


888822 


-2^7016 


15% 


4 OI4 


185-661 


1-2996 


22% 


5 10% 


893-208 


2-7224 


151^ 


4 0% 


188-692 


1-3208 


22% 


5 10% 


897-608 


2-7632 


15% 


4 1 


191-748 


1-3422 


22^ 


5 11 


402-038 


27980 


ir^ 


4 11^ 


194-828 


1-3637 


.22% 


5 11% 


406-493 


2-8054 


157>b 


4 17^ 


197-933 


1-3855 


227;^ 


5 11% 


410-972 


2-86S6 



by Google 



CIRCUMFEBElfCES AI7D AREAS OF CIBCLES. 



181a 



Diam- 


Ciroum- 


Areiu 


Area. 


Diam- 


Ciroum- 


, Area. 


Area. 


eter. 


ence. 






eter. 


ence. 






feet. in. 


feet. in. 


squwe in. 


■qoare feet. 


feet. in. 


feet. in. 


square in. 


square feet. 


1 11 


S 2J!^ 


415-476 


2-8903 


3 





9 5 


1017-87 


7-0688 


1 11^ 


6 0% 


420-004 


2-9100 


3 


0% 


9 57b 


1032-06 


7-1671 


1 11^ 


6 1 


424-557 


2-9518 


3 


^ 


9 6'g 


1046-35 


7-2664 


1 11% 


6 1% 


429135 


2-9937 


3 


^ 


9 IVi 


1060-73 


7-3662 


1 11^ 


6 1% 


433-737 


30129 


3 


1^ 


9 8% 


1075-21 


7-4661 


1 11% 


6 2% 


438-363 


3-0261 


3 


1% 


9 9 


1089-79 


7-5671 


1 11% 


6 2% 


443-014 


3-0722 


3 


1? 


9 97^ 


1104-46 


7-6691 


1 117b 


6 3 


447-690 


3-1081 


3 


1? 


9 101^ 


1119-24 


7-7791 


2 


6 3% 


452-890 


3-1418 


3 


2 


9 11% 


1134-12 


7-8681 


2 0^4 


S ^ 


461-864 


3-2075 


3 


2% 


10 0% 


1149-09 


7-9791 


2 Qi^ 


S S^ 


471-436 


3-2781 


3 


^ 


10 0^ 


1164-16 


8-0846 


2 0% 


6 6% 


481-106 


3-3410 


3 


2% 


10 1% 


1179-32 


8-1891 


2 1 


6 6^ 


490-875 


3-4081 


3 


3 


10 23^ 


1194-59 


8-2951 


2 114 


6 7% 


500-741 


3-4775 


3 


3% 


10 3% 


1209-95 


8-4026 


2 i:«^ 


6 8% 


510-706 


3.5468 


3 




10 4 


1225-42 


8-5091 


2 1% 


6 87^ 


520-769 


8-6101 


8 


it 


10 47/^ 


1240-98 


8-6171 


2 2 


6 9% 


530-980 


8-6870 


8 


4 


10 5% 


1256-64 


8-7269 


2 2^4 


i}^ 


541-189 


8-7683 


3 


4% 


10 6% 


1272-39 


8-8361 


2 21*1 


6 11% 


551-547 


3-8802 


3 


4^ 


10 7% 


1288-25 


8-9462 


2 2% 


7 


562-002 


3-9042 


3 


4^ 


10 8 


1304-20 


9-0561 


2 8 


I ^ 


572-556 


3-9761 


3 


5 


10 8% 


1320-25 


9-1686 


2 314 


7 1% 


583-208 


40500 


3 


5% 


10 91^ 


1336-40 


9-2112 


2 35^ 


Z '^ 


593-958 


4-1241 


3 


5S 


10 10% 


1352-65 


9-3936 


2 3% 


7 3% 


604-807 


4-2000 


3 


5% 


10 11% 


1369-00 


9-5061 


2 4 


7 37^ 


615-753 


4--2760 


3 


6 


10 117b 


1385-44 


9-6212 


2 414 


7 4% 


626-798 


4-3521 


3 


6% 


11 0% 


1401-98 


9-7364 


2 4^ 


Z ^ 


637-941 


4-4302 


3 


6^ 


11 1% 


1418-62 


9-8518 


2 4% 


7 6% 


649182 


4-5083 


3 


6% 


11 2% 


1435-36 


9-9671 


2 5 


7 7 


660-521 


4-5861 


3 


P 


11 3 


1452-20 


10084 


2 514 


7 77;^ 


671-958 


4-6665 


3 


7% 


11 37^ 


1469-14 


10-202 


2 S^i 


7 8% 


683-494 


4-7467 


3 


7^ 


11 4% 


1486-17 


10-320 


2 5% 


7 93^ 


695-128 


4-8274 


3 


7? 


11 5% 


1503-30 


10-439 


2 6 


7 10% 


706-860 


4-9081 


3 


8 


11 6% 


1520-53 


1 10-559 


2 6I4 


7 11 


718-690 


4-9901 


3 


8% 


11 7 


1537-86 


10-679 


2 61^ 


7 11% 


730-618 


5-0781 


3 


8^ 


11 7% 


1555-28 


10-800 


2 6% 


8 0% 


742-644 


5-1573 


3 


K 


11 8% 


1572-81 


10-922 


2 7 


8 1% 


754-769 


5-2278 


3 


9 


11 9% 


1590-43 


11-044 


2 714 


8 2ig 


766-992 


5-3264 


3 


9% 


11 10% 


1608-15 


11-167 


2 7^ 


8 27/8 


779-313 


5-4112 


3 


^ 


11 10^8 


1625-97 


11-291 


2 7% 


8 3% 


791-732 


5-4982 


3 


^ 


1111% 


1643-89 


11-415 


2 8 


8 43^ 


804-249 


5-5850 


3 


10 


12 0% 


1661-90 


11-584 


2 8J4 


8 5% 


816-865 


5-6729 


3 


10% 


12 1% 


1680-02 


11-666 


2 81^ 


8 6% 


829-578 


5-7601 


3 


l(fl^ 


12 2 


1698-23 


11-793 


2 8% 


8 67/^ 


842-390 


5-8491 


3 


10% 


12 27^ 


1716-54 


11-920 


2 9 


8 7% 


855-300 


5-9398 


3 11 ~ 


12 3% 


1734-94 


12-048 


2 914 


8 8% 


868-308 


6-0291 


3 


11% 


12 4% 


1753-45 


12-176 


2 91^ 


8 9% 


881-415 


6-1201 


3 


11^ 


12 5% 


1772-05 


12-305 


2 9% 


8 10 


894-619 


6-2129 


3 


11% 


12 6 


1790-76 


12-485 


2 10 


8 10% 


907-922 


6-3051 







12 6% 


1809-56 


12-566 


2 1014 


8 IVii 


921-323 


6-3981 




0% 


12 7% 


1828-46 


12-697 


2 103^ 


9 0% 


934-822 


6-4911 




0? 


12 8% 


1847-45 


12-829 


2 10% 


9 1% 


948-419 


6-5863 




0^5 


12 9% 


1866-55 


12-962 


2 11 


9 1^ 


962-115 


6-6815 




1 


12 97^ 


18&5-74 


13095 


2 11% 


9 2% 


975-908 


6-7772 




1% 


12 10% 


190503 


13-229 


2 111,4, 


9 «^i 


989-800 


6-8738 




1^ 


12 11% 


1924-42 


13-864 


2 11% 


9 4% 


1003-79 


6-9701 




1% 


13 0% 


1943-91 


13-499 



b^X^^bbgle 



Sa 



CIKCUMFEBENCES AI7D ABKA8 OF 0I80LBB. 



Diam- 


Circnmfer- 


.Area, 


Area. 


Diam- 


Cirenmlto* 


Area. 


Area. 


eier. 


ence. 






eter. 


ence. 






feet. In. 


feet. In. 


square in. 


square feet. 


feet. in. 


flset. in. 


square in. 


square feet. 


4 2 


13 1 


1963-60 


13-635 


6 4 


16 9 


3216-99 




4 214 


13 1^ 


1983-18 


13-772 


5 4\ 


16 9% 


8242-17 


22-615 


4 21^ 


13 2^ 


2002-96 


13-909 


5 4V, 


16 10% 


3267-46 




4 2< 


13 S% 


2022-84 


14-047 


6 4^ 


16 11% 


3292-83 


22-f66 


4 3 


13 4I4 


2042-82 


14186 


5 6 


17 0% 


3318-31 


23-043 


4 314 


13 5 


2062-90 


14-325 


5 534 


17 07b 


3343-88 


23-221 


4 33^ 


13 5\ 


2083-07 


14-465 


5 5J^ 


17 1\ 


3369-66 


•23-330 


4 8^ 


13 63^ 


2103-35 


14-606 


5 6% 


17 23^ 


8396-38 


23-578 


4 4 


13 7% 


2123-72 


14-748 


5 6 


17 8% 


8421-20 


23-758 


4 414 


13 8% 


2144-19 


14-890 


5 6^4 


17 4% 


344716 


23-! 38 


4 SJ 


13 87b 


2164-75 


15033 


5 S^i 


17 47b 


8478-23 


24-119 


4 4? 


13 9% 


2185-42 


15-176 


5 6% 


17 5% 


8499-89 


24-301 


4 5 


13 101^ 


2206-18 


15-320 


5 7 


17 63^ 


8526-66 


24 483 


4 S^k 


131114 


2227-05 


15-465 


^ L"^ 


17 734 


35621)1 


.JM-666 


4 53>^ 


14 


2248-01 


15-611 


6 71^ 


17 8 


3678-47 


21-850 


4 &^ 


14 07^ 


2269-06 


15-757 


5 7% 


17 8\ 


8606-08 


25-034 


4 6 


14 1% 


2290-22 


15-904 


5 8 


17 9% 


8631-68 


5^-220 


4 6I4 


14 2% 


2311-48 


16-051 


5 8^4 


17 10% 


8668-44 


25-405 


4 6i2 


14 314 


2332-83 


16-200 


t S» 


17 11% 


8685-29 


25-592 


4 ^ 


14 4 


2354-28 


16-349 


5 S\ 


17 117^ 


8712-24 


25-779 


4 P 


14 4^ 


2375-83 


16-498 


5 9 


18 0% 


8739-28 


25 964 


4 7J4 


14 5J^ 


2397-48 


16-649 


5 954 


18 13^ 


8766-48 


26-155 


4 7^ 


14 6% 


2419-22 


16-800 


5 93^ 


18 234 


8798-67 


26-844 


4 7? 


14 7% 


2441-07 


16-951 


5 <i\ 


18 8% 


8821-02 


26-584 


4 8 


14 77^ 


246301 


17-104 


5 10 


18 87fe 


8848-46 


26-725 


4 8^4 


14 8% 


2485-05 


17-257 


5 1014 


18 4% 


3876-99 


26-916 


4 S5 


14 9^2 


2507-19 


17-411 


5 10>^ 


18 63^ 


8906-63 


27-108 


4 8? 


14 IOI4 


2529-42 


17-565 


5 10^ 


18 634 


8931-86 


27-801 


4 9 


14 11 


2551-76 


17-720 


5 11 


18 7 


3969-20 


27-494 


4 914 


14 117b 


257419 


17-876 


5 1154 


18 7% 


398718 


27-688 


4 93^ 


15 0% 


2596-72 


18033 


5 111^ ; 18 8% 


4015*16 


27-883 


4 9% 


15 1% 


2619-35 


18-189 


5 11% 


18 9% 


4043-28 


28-0f78 


4 10 


15 214 


2642-08 


18-347 


6 


18 10% 


4071-61 


28-274 


4IOJ4 


15 27^ 


2664-91 


18-506 


6 014 


18 107b 


4099-83 


28-471 


4 103^ 


15 Z% 


2687-83 


18-665 


6 01^ 


18 11% 


4128-25 


28-668 


4 10«4 


16 4^ 


2710-85 


18-825 


6 OS4 


19 03^ 


4156-77 


28-866 


4 11* 


15 514 


2733-97 


18-985 


6 1 


19 134 


418b-89 


29-065 


4 1114 


15 6^ 


2757-19 


19-147 


6 1^4 


19 2% 


4214-11 


29-264 


4 113^ 


15 67b 


2780-51 


19-809 


6 11^ 


19 27b 


4242-92 


29-466 


4 11^ 


15 7^ 


2803-92 


19-471 


6 1% 


19 8% 


4271-88 


29-665 


5 


15 85^ 


2827-44 


19-685 


6 2 


19 43,^ 


4800-85 


29-867 


6 OJ4 


15 914 


2851-05 


19-798 


6 214 


19 534 


4329-96 


80-0G9 


5 03^ 


15 10 


2874-76 


19-963 


6 2i^ 


19 6 


4869-16 


80-271 


5 0^ 


15 10^ 


2898-56 


20-128 


6 2% 


19 6% 


4888*47 


30-475 


6 1^ 


15 11% 


2922-47 


20-294 


6 3 


19 7% 


4417-87 


80-«i9 


6 114 


16 0% 


2946-47 


20-461 


6 314 


19 8% 


4447-87 


30-884 


5 1^ 


16 114 


2970-57 


20-629 


6 2P^ 


19 9% 


4476-97 


31-090 


5 1? 


16 1^ 


2994-77 


20-797 


6 8% 


19 9^ 


4606-«7 


81-296 


5 2 


16 2^4 


3019-07 


20-965 


6 4 


19 10% 


4686-47 


81-608 




16 83*tj 


8043-47 


21-135 


6 434 


19 113^ 


4566-86 


81-710 


5 2>j 


16 414 


3067-96 


21-306 


6 43^ 


20 034 


4596-86 


31-919 


5 2^ 


16 5^ 


3092-66 


21-476 


6 4% 


20 1% 


4626-44 


32-114 


5 3 


16 57b 


3U7-2r) 


21-fr47 


1 6 6 


20 1^ 


4656-63 


82-887 


5 314 


16 6I4 


3142-(M 


21-819 


6 534 


20 2% 


4686-92 


32-548 


5 33^ 


16 1^2 


j 3166-92 


21-992 


6 61^ 


20 83^ 


4717-89 


' 32-759 


5 3^ 


16 8^4 


3191-91 


22166 


6 6% 


20 434 


4747-79 


82-970 

1 
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CIBCUMFEBENOB8 AND ABBAS OF OIBCLES. 



183a 



Diam- 
eter. 


Cirooinfer< 
enoe. 


Area. 


Side of 
Square, 
feet. in. 


Diam 
eter. 


Oircumfbr- 
euce. 


Area. 


Side of 
equal 
Square. 


feet. in. 


feet. in. 




feet. in. 


feet. in. 


square tcet. 


feet in. 


6 


18 10^ 


28-274 


§ ^ 


11 


?! SS^ 


95-033 


9 8% 


1 


19 1\ 


29-065 


5 4% 


1 


34 9% 


96-478 


9 97/a 


2 


19 4^ 


29-867 


5 51^ 


2 


35 0% 


97-934 


l\^ 


3 


19 7% 


30-679 


5 ^ 


^ 


^ i> 


99-402 


9 11% 


4 


19 10% 


31-503 


5 7\ 


4 


35 7% 


100-879 


J2 ?^2 


5 


20 1% 


32-337 


5 8I4 


5 


35 10% 


102-368 


10 1% 


6 


20 5 


33-183 


5 9% 


6 


36 11^ 


103-869 


10 2% 


7 


20 8^ 


34039 


6 10 


7 


36 4hi 


105 379 


J2 f^ 


8 


20 11^4 


34 906 


5 10% 


8 


36 7% 


106-901 


10 4 


9 


21 2% 


35-784 


5n\ 


9 


36 107^ 


108-434 


10 5 


10 


21 65^ 


36-674 


6 0% 


10 


37 2% 
37 b% 


109-977 


10 5% 


11 


21 8% 


37-573 


6 V^ 


11 


111-531 


10 6% 


7 


21 117^ 


38-484 


6 2% 


12 


37 8% 


113-097 


10 7% 


1 


22 3 


39*406 


6 3% 


1 


37 11^2 


114-673 


10 8^2 


2 


22 6^ 


40-338 


6 414 


2 


38 2% 


116-260 


J2 3 


3 


22 9^4 


41-282 


6 5 


3 


38 5% 


117-859 


10 10% 


4 


23 0% 


42-286 


6 6 


4 


38 87^ 


119-467 


}V\^ 


5 


23 2% 


43-202 


6 67^ 


5 


39 


121-087 


11 


6 


23 6% 


44-178 


6 T\ 


6 


39 3% 


122-718 


J} ?J8 


7 


23 11 


45-165 


6 8% 


7 


39 6% 


124-359 


11 1% 


8 


24 1^ 


46-163 


6 93^ 


8 


39 9^ 


126012 


11 2% 


9 


24 4^ 


47-173 


6 10% 


. 9 


40 0% 


127-676 


}} ??^ 


10 


24 714 


48-192 


6 11% 


10 


40 3% 


129-350 


}} i^ 


11 


24 10% 


49-223 


7 0% 


11 


40 6% 


131-036 


11 5% 


8 


25 13^ 


50-265 


7 0% 


13 


40 10 


132-732 


11 6% 


1 


25 4% 


51-317 


7 1% 


1 


41 1% 


134-439 


11 7% 


2 


25 1% 


52.381 


7 2% 


2 


41 4% 


136-157 


11 8% 


3 


55 11 


53-456 


7 3% 


8 


41 1^ 


137-8H6 


}} S;« 


4 


26 2^ 


54-541 


7 4*^ 


4 


4110% 


139-626 


11 9% 


5 


26 534 


55-637 


7 ^ 


5 


42 1% 


141-3T7 


11 10% 


6 


26 8% 


56-745 


7 6% 


6 


42 47y^ 


143-139 


11 11% 


7 


26 111^ 


57-862 


7 7^ 


7 


42 8 


144-911 


J? ?^ 


. 8 


27 2% 


58-992 


7 8% 


8 


42 11% 


146-694 


12 1% 


9 


27 5% 


60-132 


7 9% 


9 


43 2% 


148-489 


12 2% 


10 


27 9 


61-282 


7 9% 


10 


43 5^ 


150-294 


12 3% 


11 


28 0% 


62-444 


7 10% 


11 


43 8% 


152-110 


12 4 


9 


28 314 


63.617 


7 11% 


14 


43 11% 


153-938 


3? K« 


1 


28 6% 


64-800 


8 OJ^ 


1 


44 2% 


155-775 


^? S^ 


2 


28 9^i 


65-995 


8 1\ 


2 


44 6 


157-625 


}i 5> 


3 


29 0% 


67-200 


8 2% 


3 


44 9% 


159-485 


H 'J^ 


4 


29 3^ 


68-416 


8 3% 


4 


45 0% 


161-355 


12 8% 


5 


29 7 


69-644 


8 4% 


5 


45 31^ 


163-237 


H,^ 


6 


29 10^ 


70-882 


8 5 


6 


45 6% 


165130 


1210% 


7 


30 114 


72130 


8 b% 


7 


45 9% 


167033 


1211% 


8 


30 4% 


73-391 


8 6% 


8 


46 07^ 


168-947 


13 


9 


30 7^ 


74-662 


8 7% 


9 


46 4 


170-873 


13 1% 


10 


30 11% 


75-943 


8 S^i 


10 


46 7% 


172-809 


I? ^ 


11 


31 1% 


77-236 


8 9^i 


11 


46 11% 


174-756 


13 2% 


10 


31 5 
31 8% 


78-540 


8 10% 


15 


47 1\ 


176-715 


13 3J| 


1 


79-854 


8 11% 


1 


47 4% 


178-683 


13 4% 


2 


31 1114 


81-179 


9 0% 


2 


47 7% 


180-663 


13 5% 


3 


32 2% 


82-516 


9 1 


3 


47 107y^ 


182-654 


13 6% 


4 


32 53^ 


83-862 


9 1% 


4 


48 2^ 


184-655 


13 7% 


5 


32 8% 


85-221 


9 2% 


5 


48 5^ 


186-668 


13 8 


6 


32 11% 


86-590 


9 3% 


6 


48 8% 


188-692 


13 8% 


7 


83 27/8 


87-969 


9 41/t, 


7 


48 11% 


190-726 


^^ ^ 


8 


83 6% 


89-360 


9 6% 


8 


49 2% 


192-771 


13 10% 


9 


33 914 


90-762 


9 6% 


9 


49 5% 


194-828 


J? ^i.^ 


10 


34 0% 


92-174 


9 7% 
9 f% 


10 


49 87^ 


196-894 


14 0% 


11 


34 33^ 


' 93-598 


n 


50 


198-973 


14 1% 
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CIBCUMFEBENCES AND AREAS OF CIBCLB8. 



Diam- 
eter. 


flerenoe. 


Area. 


Side of 
Equal 
Square. 


Diam- 
eter. 


Gircum- 
ferenoe. 


Ar«a. 


Side of 
Eqoal 
Square. 


feet. in. 


feet. in. 


sq.ft. 


feet. in. 


feet. lu. 


feet. In. 


sq.ft. 


feet. • ia. 


16 


50 3^ 


201-062 


14 2^ 


21 


65 11% 


346-361 


18 714 


1 


50 6^ 


203-161 


14 3 


1 


66 2^ 


349-114 


18 8I4 


2 


50 9% 


205-272 


14 37^ 


2 


66 57y^ 


351-880 


18 9% 


3 


51 0^^ 


207-394 


14 47^ 


3 


66 9 


3M-657 


18 10 


4 


51 3% 


209-526 


14 5^ 


4 


67 0% 


357-443 


18.07^ 


5 


51 6^12 


211-670 


14 6% 


5 


67 8% 


360-241 


^^^i^ 


6 


51 10 


213-825 


14 r^ 


6 


67 6^ 


363-051 


19 0% 


7 


52 1^ 


215-989 


14 8^4 


7 


67 9% 


365-869 


19 1% 


8 


52 414 


218-166 


14 914 


8 


68 0% 


368-701 


J2 'i^ 


9 


52 7% 


220-353 


14 10^ 


9 


68 3^8 


371-543 


19 3% 


10 


52 10^ 


222-551 


14 11 


10 


68 7 


374-394 


19 414 


11 


53 1% 


224-760 


14 117^ 


11 


68IOI4 


377-258 


19 5% 


17 


53 47b 


226-980 


15 0% 


22 


69 1% 


380-133 


19 57^ 


1 


53 8 


229-210 


15 1% 


1 


69 ^ 


383-017 


19 67^ 

1? I^ 


2 


53 11^ 


231-462 


15 2? 


2 


69 7% 


385-914 


3 


54 2% 


233-705 


15 Z^i 


3 


69 108^ 


3f8-822 


19 8% 


4 


54 5% 


235-96S 


15 4% 


4 


70 I7y^ 


391-738 


^2 ^ 


5 


54 8^i 


238-243 


15 514 


5 


70 5 


394-668 


19 10% 


6 


54 11% 


240-528 


15 6% 


6 


70 8:14 


397-608 


19 11% 


7 


55 27/8 


242-824 


15 7 


7 


70 11% 


400-558 


20 0^4 


8 


55 6 


245-131 


15 77^ 


. 8 


71 2^ 


403-520 


20 1% 


9 


55 9\ 


247-450 


15 8^ 


9 


71 5% 


406-493 


20 2 


10 


56 014 


249-778 


15 9% 


10 


71 8% 


409-475 


20 27^ 


11 


56 3^ 


252-118 


15 103;t8 


11 


71 117>^ 


412-470 


20 3% 


18 


56 63^ 


254-469 


15 11% 


23 


72 3 


415-476 


20 4% 


1 


56 9*^ 


256-830 


16 0% 


1 


72 6% 


418-491 


20 5% 


2 


57 07^ 


259-203 


16 1^ 


2 


72 9% 


421-619 


20 6% 


3 


57 4 


261-587 


16 2^ 


3 


73 0^ 


424-557 


20 714 


4 


57 7^ 


263-980 


16 Z^ 


4 


73 3% 


427-605 


20 8% 


5 


57 IOI4 


266-386 


16 Z% 


5 


73 6% 


430-665 


20 9% 


6 


58 1% 


268-803 


16 4ag 


6 


73 97^ 


433-737 


20 10 


7 


58 4^ 


271-229 


16 5% 


7 


74 1 


436-817 


20 10% 


8 


58 P 


273*667 


16 Sg 


8 


74 4% 


439-910 


20 11% 


9 


58 10 


276-117 


16 7% 


9 


74 714 


443-014 


21 0% 


10 


59 2 


278-576 


16 8I4 


10 


74 10% 


446-127 


21 li^ 


11 


59 5 


281-047 


16 934 


11 


75 1% 


449-253 


21 2% 


19 


59 8I4 


283-529 


16 10 


24 


75 A\ 


452-390 


21 334 


1 


59 11i,ij 


286-021 


16 11 


1 


75 77^ 


455-536 


21 4j2 


2 


60 2^^ 


288-524 


16 117^ 


2 


75 11 


468-694 


21 5 


3 


60 5% 


291039 


17 Q^ 


3 


76 2% 


461-864 


21 6 


4 


60 884 


293-564 


17 1% 


4 


76 534 


465-042 


21 6% 


5 


60 1l7y^ 


296-110 


17 2y^ 


5 


76 S^i 


468-234 


21 7g 


6 


61 3% 


298-648 


17 3% 


6 


76 11% 


471-436 


21 8% 


7 


61 6I4 


301-205 


17 414 


7 


77 2% 


474-647 


21 9% 


8 


61 95^ 


303-774 


17 b^Q 


8 


77 67^ 


477-871 


2110% 


9 


62 0^^ 


306-355 


17 6 


9 


77 9 


481-106 


2111% 


10 


62 3% 


308-944 


17 7 


10 


78 0% 


484-350 


22 0% 


11 


62 6% 


311-M6 


17 77^ 


11 


78 314 


487-607 


22 1 


20 


62 97y^ 


314160 


17 8% 


25 


78 6% 


490-875 


22 17;b 


1 


63 IVq 


316-782 


17 9% 


1 


78 91/t, 


494-151 


22 2% 


2 


63 414 


319-417 


17 101^ 


2 


79 014 


497-441 


22 3% 


3 


63 7% 


322-063 


17 11% 


3 


79 3^ 


500-741 


22 4% 


4 


63 113^ 


324-718 


18 014 


4 


79 7% 


504-051 


22 6% 


5 


64 1% 


327-385 


18 1% 


5 


79 11% 


507-373 


22 6% 


6 


64 4% 


330-064 


18 2 


6 


80 114 


510-706 


22 7% 


7 


64 1% 


332-752 


18 2% 


7 


80 4% 


514-048 


22 8% 


8 


&i 11 


335-452 


18 S% 


8 


80 7% 


517-403 


22 9 


9 


65 2I4 


338163 


18 A% 


9 


80 10^ 


5-20-769 


22 9% 


10 


65 5% 


340-884 


18 5% 


10 


81 17/8 


524-144 


22 10% 


11 


65 8^4 


343-617 


18 6^ 


11 


81 6 


527-531 


22 11 
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A. WYCKOFF& SON, 

ELMIRA, N. Y. 

PATENT STEAM-PIPE CASING 



Two staves removed to show lining between inside and outside staves. 



A. WYCKOFF & SON, 

Klmira, N. Y., 

MANUFACTURERS OF 

Wood Watkr Pipb, 

For Coal and Iron Mines, Coke 'Works, and 
General Water Supply. 



a^Wood. b Hoop- iron bands. c Asphal turn coating. 

Send for Catalogtaes and Prices. 

lS5a Dgtized by Google 



nxu^ ■»»4«>#if'na1 /t'KoiKi/t'i-ATKaHrt HiffiMVknr*A l 



186a 



dbyGoogk 



COLLIERY BNQINEEB POCKET-BOOK. 



187a 



INDEX. 



Absorption— Brass 



Absorption of gas by water, 193 
Acceleration of gravity, 195 
Accidente, 59 

treatment of persons, 90, 91 
Acre, Acres, 19 
Acute-angled triangle, 6 
Adjustment 

of comx>ass, 118 

of transit, 120 

of level, 127 
Air, 63, 70 

compressed, 113 

compressors, 163 

in pipes, 115, 116 

I^essure per sq. ft., 86 

weight of, 84 
Algebraic characters, 194 
Analysis 

of coal, 50 

of fire-damp, 69 
Anemometer, 80 
Aneroid barometer, 85 
Angles, 11 

complement and supplement, 14, 
15 

cosecant of, 14 

cosine of, 14, 18a, 64a 

cotangent of, 14, 18a, 68a 

secant of, 14 

sine of, 14, 18a, 64a 

tangent of, 14, 18a, 68a 

in triangles, 6 

to bisect, 13 

to construct, 13 

vertical, 125, 126 
Anthracite, 46, 47, 59, 62, 157, 177, 178 

analysis of, 50 

culm,-49 

I)roduce of seams, 62 

sizes of, 63 

specific gravity, 61, 63 

working of seams, 69 
Apertures 

flow of water through, 106 
Apothecaries' Weight, 17 
Aqueducts, 101 
Arc, Arcs 

complement of, 14 

supplement of, 14 

to bisect, 13 

to find chord, 9 

to find length, 9 

to find radius, 9 

to find rise, 9 
Area, Areas 

of circles, 9, 179o 
'of circular rings, 9 

of ellipse, 9 



Area, Area*— continued 

of parallelogram, 6 

of polygons, 8 

of rhomboids, 6 

of rhombus, 6 

of sector, 9 

of segment, 9 

of tract of land, 127 

of trapeziums, 7 

of trapezoids, 7 

of triangles, 6, 7 
Arithmetic, 1 
Arithmetical signs, 193 
Ascensional Ventilation, 79 
Atlas powder, 52 
Atmospheric pressure, 84 
Average Pressure of Steam, 170 
Avoirdupois Weight, 17 
Axles, friction of; 44 

B 

Bar. Bars 

brass, 31 

copper, 31 

iron, 31 

lead, 31 

steel, 31 
Barometer, 84 

aneroid, 85 

leveling with, 86 

mercurial, 84 

pressureof air, 84 
Batteries, electrical, 201, 205 
Beam, Beams 

iron, 22 

steel, 22 

wooden, 22 
Bells, electrical, 201, 205 
Belting, 185 

Bends and Knees (pipe), 112 
Binary Compounds, 189 
Bituminous coal, 46, 62 

analysis of, 50 

produce of seams, 62 

sizes, 49 

slack, 49 

specific gravity and weight, 61 
Board measure, 191, 193 
Boiler, Boilers, 159 

covering for, 180 

incrustation and scale, 179 

rules for care of, 181 

thickness of iron, 188 
Bolts, 30, 32 
Bolts and Splices for one mile of 

track, 32 
Bord and Pillar, 58 
Brass 

bars, 31 
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Brass— continued 

plates, 28 

weight, 28, 30 

wire, 83 
Breasts 

distance for opening, i 
Broken coal, 49 
Brueere powder, 52 
BucKwheat coal, 49 
Bushel, 19 

of coal, 188 



Cannel coal, 46 
Carbonic-acid gas, 68 
Carbonic oxide, 67 
Cars, mine, 152 
Castings, weight of, 28, 30 
Cast-iron, 24, 25, 28, 30 

pipe, 29 
Cast-steel, 34 

Center of circle, to find, 13 
Centigrade thermometer, 87 
Centimetre, 18 
Chain, 39 

surveyors, 121 
Chaining. 121 
Chemistry, 66 

binaiv compounds, 189 

chemical memoranda, 67 

common names of certain chem- 
icals, 189 

elementary substances, 188 

equations, 67 

nomenclature, 189 

of gases, 66 

symbols, etc., 66 
Chestnut coal, 49 
Chord, 9 
arcle, Circles, 8, 12, 179o 

to draw a taneent to, 13 

to find area of, 9, 179a 

to find center, 13 

to find circumference, 8 

to find diameter, 8 

to find diameter of circle equal 
to given square, 9 

to find radius, 9, 179a 

to find radius of circumscribing, 
8,9 
Circular rings, 9 
Circumference, 8 

table of, 179o 
Clanny lamp, 83 
Classification of coals, 46 
Clinometer, 122 
Coal, 157, 177 

analysis of, 50 

anthracite, 59 

bituminous, 46, 62 

broken, 49 

buckwheat, 49' 

cannel, 46 

chestnut, 49 

classification of, 46 

coking, 46 

composition of, 47 

contents of seam, 127 



Brass— CroBs-Sectiona 



Coal—continued 

domestic, 49 

egg, 49 

flre^e burning, 46 

gas, 49 

lignite, 46 

lump, 49 

pea, 49 

semi-anthracite, 46 

semi-bituminous, 46 

splint, 46 

specific gravity and w^ht, 61 

steamboat, 49 

steaming, 48 

stove, 49 

weight per bushel, 188 
Coal Dealers' Computmg Table, 196 
! Coefficient, Coefficients 
, of contraction, 106 

; of discharge. 106 
I of friction, 43,44 

' of friction of air, 74 

Coin, Coins, 20, 21 

value of foreign, 21 
Coke, 48 
Collars, 21 

Colliery Management, 44 
Colliery Machinery, 166 
Columns 

hollow cast-iron, 24 

solid cast-iron, 25 
Column pipe, 165 
Compass, 118 

adjustment of, 118 

variation of, 118, 119 

to use, 119 

vernier, 119 
Complement and Supplement, 14 
Composition 

of coal, 47 

of gases, 66 
Compressed Air, 113 

efficiency of. 113 

friction in pipes, 115, 116 

loss In elbows, 117 

loss in pipes, 115, 116 
Conductors 

electrical, 202, 208, 209, 210 

cage, 172 
Cones, 10 



bars, 31 

electrical conductors, 202, 208,209 

pipe, 29 

plates, 28 

weight of, 28, 30, 31 

wire, 33, 202. 208, 209 

wire, cost of 210 
Cosecants, 14 
Cosines, 14. 18a, 64a 

natural, table of. 65a 

logarithmic, table of, 18a 
Cotangents, 14, 18a, 61a- 

natural, table of, 68a 

logarithmic, table of, 18a 
Coversed sines, 14 
Crossings. 147 
Cross-sections, 180 

le 
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CuboB- 
Culse, Cubes, 10 

of a number, 4 

table ofi 162a 

to cube a number^ 4 
Cube root, 5 

table of, 162a 
Cul>ical contentB of seam of coal, 65a 

Culm, 49 
Curve, Curves, 145 

radius of, 145 

vertical, 150 
Cylinder, Cylinders, 10 

table of contents of, 20 
Cylindrical rings, 10 

Dams, 102 
Davy lamp, 83 
Decimals. 2 

addition of, 2 

division of, 2 

fractions reduced to, 2 

multiplication of, 2 

subtraction of, 2 
Departure and latitudes, 71a, 126 
DessignoUe i>ow4er, 52] 
Detaching hooks, 172 
Diagonals, 11 
Diameter, 9. 179a 
Diffusion oi gases, 65 
Distance 

horizontal, 126 

pitch, 126 
Drainage, see Pumping 
Dry measure, 19 
Drum, 35, 169 

to fksten wire rope to, 85 

diameter of, 36 
Dualin, 52 
Dynamite, 52 



Basting, 126 
Egg coal, 49 
Eleotric 

application of power, 203 

batteries, 205 

bells, 202 

conductors, 202, 208, 209, 210 

direction of currents, 211 

faults, 203 

hoise-power, 206 

signaling, 202 
Electrical terms, 203 
Electricity, 201 

valuable recipes, 211 
Electric powder, 52 
Elementary substances, 188 
Elements of mechanics, 39 
Ellipse, 9 
Enc^nes. 76, 161 

hauling, 167 

horse-i^wer of, 170 

hydraulic, 167 

hoisting, 169, 170 

pumpinJB:, 112, 164 

rules for engineers, 183 

sinking, 52 



-Qanffway 

Engines— continued 
winding, 169, 170 
Equilateral triangles, 7 
Evan Thomas' lamp, 83 
Evolution, 4 
Explosives, 52 
Explosive gelatine, 62 
Explosions of gas, 69 
Exploring a mine after an explosion. 



Fahrenheit thermometer, 87 
Fans, 60, 77, 173 
Falling bodies, 194, 195 
Faults, 197 

electrical, 203 

lode disruption, 201 

of denudation, 197 

of dislocation, 197 

of upheaval, 197 
► reverse, 197 

shoved, 197 

step, 197 

trough, 197 
Fire-Damp. 66, 69 

analysis of, 69 

detection of, 70 

methods of dealing with, 70 
Flow 

through apertures, 106 

through pipes, 107, 109 
Forcite, 52 
Foreign coins, 21 
Foundations, 25 
Fractions, 1, 2 
Free-burning coal, 46 
Friction, 42 

coefficients of, 48 

of air in mines, 73 

of axles, 44 

of knees and bends, 112 

of mine-cars. 152 

resistance or shafting, 44 
Frustums, 10 
Fuels, 177 
Furnace-ventilation, 72, 173 

G 

Gallon, 19 
Gases, 60, 63 

carbonic acid, 68 

carbonic oxide, 67 

chemistry of, 66 

diffusion of, 65 

enclosed in pores of coal, 65 • 

explosions of, 69 

fire-damp, 66, 69 

hydrogen, 68 

hydrogen sulphide, 68 

in goaves, 64 

nitrogen, 68 

transpiration of, 65 

volumes absorbed by water, 198 

volumes at different temper- 
atures, 68 
Gas-coal, 49 
Gangway, 66 
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Gangway— continued 

railway In, 66 

size of, 56 

timbering, 57 
Gelatine dynamite, 52 
Gelatine explosive, 52 
Gelignite, 53 
Geometry, 11 
Geordie lamp, 83 
Giant powder, 52 
Giffara's injector, 183 
Glossary of mining terms, 212 
Gordon^s formula, 107 
Gravitv, 194 

velocity due to, 195 
Gray's lamp, 83 

H 

Haulage, 167 
Hautboy pipe, 29 
Heat, 157 

effect on gases. 88 

efi^ct on metals, 89 

expansion of liquids, 89 

expansion of solids, 89 
Heptagon, 8 
Hexagon, 8, 12 
High explosives, 52 
Hoisting machinery, 169 

detaching hooks, 172 

drums, 169 

guides or conductors, 172 

prevention of overwinding, 173 

pulleyg, 171 

ropes, 35, 171 

safety-caces, 172 
Horizontal distance, 126, 71o 
Horse-power, 162 

electrical, 206 

of steam-engines, 170 
Hydraulics, 105 

coefficient of contraction, 106 

coefficient of dischaige, 106 

Darcy's formula, 108 

delivery through pipes, 107, 109 

engines, 167 

Eytelwein's formula, 107 

flow throu£[h orifices, 106 
^ friction in knees and bends, 112 

Gordon's formula, 107 

Hawksley^ formula, 107 

Kutter's formula, 108 

miners' inch, >106 

Neville's general formula, 108 

pumpine engines, 112 

suppression of contraction, 106 

We&bach's formula, 108 
Hydrogen, 68 
Hydrogen sulphide, 68 
Hydrostatics, 101 

pressure of water, 101, 102, 103 

transmission of pressure through 
water, 102 
Hypothenuse, 12 

I 
'-beams, 28 
iperial measure, 19 



Inclined plane, 41, 65a 

Incrustation, 179 

Initial pressure of steam, 170 . 

Injector, 188 

Injuries, treatment of, 90, 91 

Involution, 4 

Iron 

bar, 31 

beams, 22 

beams, I, 23 

cast, 28, 30 

chains, 39 

hollow cast-iron pillars, 24 

pipe, 29 

plates, 28 

sheet, 29 

solid cast-iron pillars, 25 

thickness of boiler, 183 

wrought, 30 

wire, 33 
Isosceles triangle, 6 



Judson i>owder, 52 



Knees and Bends, 112 
Kutter's formula, 108 



Latitude, 126, 71a 
Lead 

bar, 31 

plates, 28 

pipeTsi, 29 

weight of, 28, SO 
Level, 127 

adjustment of, 127 

rod, 127 

to use, 129 
Leveling, 127 

field-notes, 127 

instruments, 127 

with barometer, 86 
Levers, 39 
Light, 151 
Lignite, 46 
Liquid measures, 19 
Load 

breaking, on collars, 21 

breaking, on iron beams, 22 

breaking, on steel beams, 22 

safe, on roundations, 25 

safe, on iron beajns, 22, 23 

safe on pillars, cast-iron, solid, 25 

safe on pillars, cast-iron, hollow, 
24 

safe on pillars, wooden, 23 

safe on props, 23 

safe on wooden beams, 21 
Logarithms, la 

how to use, la 

table of, 2a 
Logarithmic cosines, 18a 
Ix^arithmlc cotangents, 18a 
Ix^arithmic sines, 18a 
Logarithmic tangents, 18a 
Long measure, 18^ , 
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Lamp coal, 49 



Iiump Goal- 



Mapping, 125 
Masonry, 25 
Maisaut lamp. 83 

Materials, weight and specific grav- 
ity, 26 
Measurement of ventilation, 79 
Measures 

board, 191, 193 

-liquid, American, 19 

liquid, British, 19 

dry, American, 19 

of area, American and British, 19 

of area, metric, 19 

of length, metric, 18 

of length, various nations, 18 

solid, American and British, 19 

solid, metric, 19 
Mechanics, 39 
Melinite, 53 
Melting-point, 89 
Mensuration, 6 
Methods of mine- working, 57 

bord and pillar, 57, 58 

lonirwall, &7, 58 
Mercurial barometer, 84 
Metric measures, 18, 19 
Mile, 18 
Mine-cars, 152 

friction of, 152 
Miners' compass, 118 
Miners' inch, 106 
Mining Terms, 212i 
Mine-surveying, 118 

plotting, m 

to carry survey down shaft, 127 

to chain, 121 

with compass, 122 

with transit, 123 
Money, 20, 21 
Motive-column, 73 
Mueseler, bonneted lamp, 83 

N 
Nails, 34 

Natural sines and cosines, 64a, 65a 
Natural tangents and cotangents, 

64a, 68a 
Natural ventilation, 71 
Neville's general formula, 108 
Nitrogen, 68 
Nitro-glycerine, 52 
Northing, 126, 71a 



Obtuse-angled triangle, 6 
Octagon, 8 

Opening a colliery, 50 
Oxygen, 67 



Parallelograms, 6, 11 
Parallelepiped, 10 
Parallels, 18 
Pea coal, 49 
Pentagon, 8, 12 



Bailway. 

Percentage, 5 

Perimeter, see circumference, etc. 

Perpendiculars, 12, 13 

Pillars, 93, 58 

cast-iron, hollow, 25 

cast-iron, solid, 24 

wooden, 23 
Pins, surveying, 121, 122 
Pipes 

cast-iron, 29 

column, 165 

contents of, 20 

copper, 29 

hautboy. 29 

knees and bends, 112 

lead, 29, 31 

pressure of water in, 103 

spirally-welded steel, 95 
Pitch distance, 125, 71a 
Plates 

brass, 28 

copper, 28 

iron, 28 

lead, 28 

steel, 28 
Plotting, 125 
Polygons, 8, 12 
Powder, 52 
Power 

electrical, 203 

horse-power of engines, 162 
Pressure ' 

ofair.86, 115 

of steam, 183 

of water, 101,102 

of water in pipes, 103 
Prism, 10 

Prismoidal formula, 11 
Produce 

of anthracite seams, 62 

of bituminous seams, 62 
Proportion 

compound, 3 

simple, 3 
Props, 23 

Prospecting, 44, 46 
Pulleys, 41, 171, 185 

velocity of, 185 
Pumping 

column pipe, 165 

engines, 112 

delivery of pumps, 166 

machinery 164 

siphon, 166 
Pumps, 112, 164 

delivery of, 166 
Pyramid, 10 

<l 

Quadrant. 14 
Quadrilateral, 12 

R 

Rackarock, 52 
Radii, Radius, 145 
Railway, 145 

crossings, 147 

curves, 145 
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Bailway- 
Railway— continued 

in gangways or headings, 56 

radii of curves, 145 

rail for one mile of, 32 

shaft bottoms, 150 

slope bottoms, 148 

switches, 147 

top of slopes or shafts, 150 
Reaumur thermometer, 87 
Recipes, electrical, 211 
Rectangle, 6 
Rendrock. 63 
Rhomboid, 6 
Rhombus, 6 

Right-angled triangle, 6 
Roborite, 53 
Root. Roots, 4, 162a 
Rubbing-surface, 74 
Rules for care of steam-boilers, 181 
Rules for engineers, 183 

S 

Safety-cages, 172 
Safety-Jamps. 82 
Scalene triangle, 6 
Screw, 41 
Secant, 14 
Sections cross, 130 
Sector, 9 
Segments, 9 
Spherical, 10 
Semi-anthracite coal, 46 
Semi-bituminous coal, 46 
Shafting 

friciional resistance of, 44 

length to resist torsion, 26 

strength of, 25 
Shafts, 51 

arrangement at top, 150 

railway at bottom, 150 

speed and cost of sinking, 55 

timbering of, 53 
Sheaves, size of, 35, 36 
Sheet-Iron, 29 
Signal, electrical, 202 

bells, 202 
Sines, 14 

logarithmic, 18a 

natural, 6ia, 65a 
Sinking-engines, 52 
Sinking head-frames, 51 
Siphon, 166 
Size 

iron I-beams, 23 

of nails, 34 

of wire, 33 
Slack, 49 
Slopes, 55 

railway at bottom, 148 

railway at top, 150 

sinking, 55 

size of. 55 
Slope-level, 122 
SocKet, wire rope, 38 
Solid Measure, 19 
Sound, 151 
Southing, 176, 71a 
Specific gravity 



Tansents 
Specific gravity— continued 

of coal, 61,63 

of materials, 26 
Sphere, 10 
Spherical zone, 10 
Spikes, railroawi, 33 
Spirally-welded steel pipes, 95 
Splices and Bolts, railway, 32 
Splint Coal, 46 
Square, Squares, 6, 12 

equal to given circle, 6, 179a 

inscribed, 6 

same area as equilateral tiiangle,6 

table of. 162a 

to find diagonal of, 6 

to find size of, 6 

to square a number, 4 
Square measure, 19 
Square root. 4, 162a 

table of, 162a 

to find by logarithms, la 
Stadia surveying, 131 
Steam 

average pressure, 170 

boilers, 159 

condensing, 159 

engines, 76, 161, 167, 169, 170 

fuels, 177 

high pressure, 158 

incrustatiou and scale in boUen, 
179 

pipe covering, 180 

pressure at different temperatures, 
183 

pumps, 112, 164 

raising, 177 

to use to best advantage, 158 
Steamboat coal, 49 
Steaming coals, 48 
Steel 

beams, 22 

cast, 34 

pipes. 95 

tape, 121, 122 

wire, 33 
Stephenson lamp, 83 
Stove coal, 49 
Strength 

of beams, 22, 23 

of chains, 39 

of collars, 22 

of props or pillars, 28 

of spirally- welded steel pipe, 9o 

of wire rope, 36 
Subterranean temperature, 155 
Sumpt, 56 
Surveying, 118 

instruments, 118, 121 

plotting, 125 

to chain, 121 

to traverse, 126 

stadia, 131 

stadia tables, 139 
Switches, 147 

T 

Tangents, 14 

logarithmic, 18a 
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Taneents- 
Tangento— continued 

natural. 64a, 68a 

to draw, 13 
Tape, steel, 121, 122 
Temperalure 

eflfect on gaaes, 88 

effect on various metals. 89 

expansion of liquids, 89 

expansion of solids, 89 

heat, 157 

of deep mines, 155 
Thermometers, 87 
Timber, 191, 193 
Timbering 

collars, 22 

of gangways, 57 

of shafts, 51, 53 

of slopes, 55 

propS) 28 
Ton, 17 
Tonite, 52 
T-Rail, 82 
Transit, 120 

a^ustment of, 120 

to use, 123 
Transpiration, of gas, 65 
Trapeziums, 7 
Trapezoids, 7 
Traverse, 126 

table, 710 
Treatment, 

of injured persons, 90, 91 
Trenches 

cu. yds. in each foot of length, 
192 
Triangles, 7, 11 

acute-angled, 6 

area of, 6 

equal in area to given circle, 9 

equilateral, 7 

formula for solution of, 18a 

hypothenuse of right-angled, 12 

isosceles, 6 

obtuse-angled, 6 

right-angled, 6 

scalene, 6 

sum of angles. 6 
Trigonometry, 14, 15 
Troy weight, 17 



United States money, 20 
Useftil information, 188 
Useful memoranda, 186 



Value of foreign coins, 21 
Variation of compass, 118, 119 
Vegetables, feeding-properties, 187 
Ventilation, 63. 54, 58 

ascensional, 79 

fans, 60, 173 

friction of air, 73 

fhmace, 72, 173 

machinery, 173 

measurement of, 79 

motive-column, 73 

xiatural, 71 



"Wire Bope 

Ventilation— ^continued 
rubbing-surface, 74 
splitting the current, 78 
temperature of deep mines, 155 

Vernier, 119, 120 

Vertical angles, 125, 126 

Vertical curves, 150 

Vulcan powder, 52 



Water, 101 
dams, 104 

flow through orifices, 106 
flow through pipes, 107, 108 
formulae for pipe, 107 
gauging, 106 ^ \ ^ 

gas absorbed by, 193 
miners' inch, 106 

gressure of, 101. 102, 103 
•ansmission or pressure through, 
102 

velocity of, 105 
Water-gauge, 76, 81 
Wedge, 41 
Weights, 17 

brass, 28, 30, 31 

brass wire, 33 

copper, 28, 30 

copper bare, 31 

copper pipe, 29 

copper plates, 39 

copper wire, 33 

cut nails, 34 

different substances, 190 

iron, 30, 31 

iron bar, 31 

iron bolts, etc., 30, 32 

iron, cast, 28, 30 

iron chains, 39 

iron I-beams, 23 

iron plates, 28 

iron pipe, 29 

iron, sheet, 29 

iron wire, 33 

iron, wrought, 30 

lead, 28, 30 

lead pipe, 29, 31 

railroad spikes, 33 

steel bar, 31 

steel, cast, 34 

steel pipe, 95 

steel wire, 33 

wire rope, 36 

zinc plates, 28 
Westing, 176, 71a 
Wheel and axle, 40 
Winding-engines, 169, 170 
Wire * "^ ' ' 

brass, 83 

copper, 33, 202, 208, 209 

iron, 33 

ropes, 35 

steel, 33 
Wire Rope, 35 

diameter of drum or sheave, 3 

fastenings, 88 

fastening to drum, 35 

how to splice, 87 
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sheaves, 35 
splicing, 37 
sockets, 38 
to find strain on, 65 
weight and strength, 86 
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Wire Bope— Zone 

Wrought-Iron, 30 
shafting, 25 



Z 

Zinc plates, % 
Zone, 10 
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